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AN     OUTLINE     OP    THE     PETROLOGY    AND 
PHYSICAL    HISTORY   OP   THE   ALPS. 

By  prof.  T.  G.  BONNEY,  D.Sc.,  LUD.,  F.R.S. 
\Rtmd  Jmmuuy  ist^  /^.] 

THE  meeting  of  the  International  Geological  Congress  at 
Zurich,  in  1894,  was  followed  by  excursions  in  which  some 
of  your  members  took  part,  and  of  which  reports  were  read  at 
one  of  your  meetings  and  printed  in  your  Proceedings.*  Such 
reports,  though  often  interesting  and  valuable  (as  these  were),  are, 
however,  sometimes  little  more  than  the  echo  of  the  opinion  of 
the  leaders  of  the  party,  because  the  writers  of  them  have  hardly 
the  opportunity  of  forming  an  independent  judgment.  Thus  I 
noted  once  or  twice,  more  especially  in  one  of  them,  statements 
which  I  knew  to  be  disputable,  if  not  dubious ;  and  it  occurred 
to  me  that  a  synoptic  view  of  the  geology  of  the  Alps,  as  I  under- 
stand it,  might  be  of  some  interest  to  your  members.  In  dealing 
with  matters  of  controversy  I  shall  not,  as  a  rule,  enter  into  details, 
but  content  myself  with  referring  to  papers  in  which  these  are 
fully  discussed. 

If  I  cite  but  seldom  the  writings  of  others,  it  is  not  because 
these  are  ignored,  but  because  my  statements  are  the  results  of 
personal  experience.  In  regard  to  that,  I  believe  no  English 
geologist,  and  probably  not  many  foreigners,  have  seen  so  much 
of  the  Alps  as  myself.  I  do  not,  of  course,  pretend  to  have 
worked  up  the  geology  of  special  districts  with  the  same  minute- 
ness as  those  who  have  executed  the  surveys  or  have  written 
monographs,  but  I  have  compared  district  with  district  in  a  way 
which  not  many  have  had  the  opportunity  of  doing.  Altogether 
I  find  that  I  have  made  twenty-seven  journeys  in  the  Alps  since 
1856,  when  for  the  first  time  I  set  my  foot  on  a  glacier.  This 
means  that  I  have  spent  over  two  years  of  my  life  among  their 
peaks  and  valleys. 

*  Vol.  xiv,  p.  40. 
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Questions  connected  with  ice  work  at  first  chiefly  engaged  my 
attention  ;  but  about  twenty- five  years  ago  I  began  to  look  more 
narrowly  at  the  rocks,  and  since  1880  have  been  gradually  drawn 
into  the  study  of  the  gneisses  and  schists  as  distinguished  from 
the  more  massive  crystallines.  The  last  seven  or  eight  journeys 
have  been  planned  with  the  view  of  testing  sundry  controversial 
questions,  so  that  if  I  express  in  this  paper  any  opinion  which 
does  not  accord  with  what  has  been  published  by  some  continental 
geologists  of  repute,  you  may  assume  that  it  is  the  result  of 
personal  independent  work. 

The  Alps  are  composed  of  two  great  groups  of  rocks,  crystalline 
and  ordinary  sedimentary,  folded  and  faulted  *  together,  which 
groups,  except  in  a  very  few  cases  to  be  noticed  later,  are  perfectly 
distinct  and  not  difficult  to  distinguish.  Fig.  i  shows  their  general 
relations.  From  the  sedimentary  group,  igneous  rocks,  whether  con- 
temporaneous or  intrusive,  are  generally  absent ;  though  in  one 
region  they  are  abundant  among  its  basal  members,  and  occur 
locally  elsewhere,  though  usually  at  a  much  higher  horizon.  The 
members  of  the  cr>stalline  group  are  granites,  diorites,  and  allied 
holocrystalline  rocks,  a  large  variety  of  gneisses  and  schists,  some 
peridotites  (commonly  in  the  condition  of  serpentines),  gabbros, 
diabases  with  kindred  basic  rocks,  and  some  felstones.  The  great 
majority  of  these  are  older  than  any  of  the  sedimentaries.  The 
members  of  the  latter  group  are  sandstones,  mudstones,  and  lime- 
stones, which,  of  course,  graduate  one  into  the  other.  The  sand- 
stones are  the  less  common,  and  breccias  or  conglomerates,  except 
in  two  instances  of  rather  late  date,  are  comparatively  rare ;  the 
mudstones  take  the  form  of  shales  or  slates,  frequently  the  latter  ; 
the  limestones  may  be  roagnesian,  and  in  one  district  dolomite  is 
abundant.  Both  crystalline  and  sedimentary  rocks  throughout  the 
chain  are  usually  much  affected  by  pressure,  and  it  may  be  well, 
before  proceeding  further,  to  give  a  brief  outline  of  its  effect. 

First  in  regard  to  the  crystalline  rocks.  Pressure  crushes  the 
constituents,  especially  when  the  rock  is  coarse-grained",  and  it 
leads  (how  far  directly  cannot  easily  be  determined)  to  mineral 
changes.  It  may  produce  either  simple  crushing,  such  as  would 
be  effected  in  a  Brahmah  press,  or  a  shearing  crush.  Commonly, 
I  think,  though  not  always,  the  fragments  of  the  rock  undergo 
some  lateral  displacement,  in  other  words  it  is  more  or  less 
sheared.  I  need  hardly  mention  the  effects  of  pressure  on  the 
sedimentaries,  for  they  are  those  with  which  every  geologist  is 
familiar.  It  is  not  unusual  in  examining  these  to  find  that  among 
the  argillaceous  rocks,  more  or  less  micro-mineralogical  change 
has  occurred,  so  that  a  phyllite  rather  than  a  slate  is  the  result. 

*  I  may  xay,  once  for  all,  that,  while  the  importance  of  folding  has  been  fully  appreciated 
by  continental  workers  in  the  Alps,  that  of  faulting,  and  especially  of  thrust  faulting,  has 
been  sometimes  overlooked.  I  think  that  some  of  the  more  anomalous  cases  of  folding  would 
be  much  more  simply  explained  by  appealing  also  to  the  effects  of  overthrust  faults  ;  and  I 
am  strongly  of  opinion  that  in  some  parts  of  the  Alp>s  the  rock  masses  are  almost  "  sliced  up  " 
with  faults. 
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Moreover,  instances  of  the  coincidence  of  cleavage  and  bedding 
are  rather  common. 

The  mineral  changes  are,  however,  more  marked  among  the 
holo-crysiaUine  than  among  the  sedimentary  rocks.  Let  us  take, 
as  an  example,  the  Case  of  a  granite  which  has  been  exposed  to 
severe  pressure.  The  quartz  shows  the  effects  of  strain,  and 
cracks  up,  the  felspar  is  crushed ;  the  mica  becomes  bent  or 
tattered.  The  crushed  felspar  very  commonly  undergoes  separa- 
tion into  quartz  and  a  potash  or  a  soda  mica,  so  that  in  some  cases 
the  original  mineral  almost  disappears  from  the  rock.  Thus  a 
mica  schist  may  be  produced,  as  a  result  of  crushing,  from  a 
granite ;  for  a  rude  cleavage  is  formed  and  the  surfaces  of  this  are 
coated  with  a  minute  silvery  mica.* 

Thus,  wfien  the  pressure  has  been  less  severe,  a  fragment,  if 
the  flat  surface  be  regarded,  may  seem  to  be  a  mica-schist,  but  if 
it  is  looked  at  edgewise,  a  gneiss.  This  has  been  the  foundation 
of  the  statements,  once  so  common  in  geological  books,  about 
granite  passing  into  gneiss,  and  gneiss  into  mica-schist.  The  fact 
was  really,  that  a  mica-schist  was  manufactured  from  a  gneiss,  and 
a  gneiss  from  a  granite. t 

The  history  of  an  augen-gneiss  is  such  as  I  have  just  described. 
The  felspars  are  rounded  by  having  their  corners  crushed  off,  and 
it  is  possible  to  trace  every  change,  from  a  porphyritic  granite  to 
an  irregularly-streaked,  almost  laminated,  gneiss.  ^  But  I  doubt 
whether  truly  banded  gneisses — I  mean  those  where  the  rock  exhibits 
distinct  layers  (say  from  a  quarter  of  an  inch  thick  upwards,  and 
many  inches  in  length)  varying  markedly  in  their  mineral  con- 
stituents— can  be  formed  by  any  kind  of  crushing  from  an  9rdinary 
holo-crystalline  rock,  however  coarse.  These  structures,  which 
may  be  also  seen  in  dioritic  rocks  and  gabbros,  aredue,  in  my  opinion, 
to  fluxion  movements  in  the  rock  after  some  mineral  differentia- 
tion had  occurred,  but  anterior  to  final  consolidation. §  Banded 
gneisses  may  be  formed  by  what  has  been  termed  "  //'/  par  lit 
injection^^  but  such  cases  are,  I  believe,  very  rare.  Others  again 
may  have  been  originally  sedimentary  rocks,  which  have  been 
subsequently  altered,  but  these  certainly  are  very  much  less  com- 
mon than  was  formerly  supposed  ;  indeed  I  cannot  cite  a  single 
instance  of  any  considerable  mass  of  gneiss  to  which  I  am  certain 
this  origin  must  be  assigned.  Of  the  great  majority  we  may  say  with 
confidence  that  they  are  granites  or  nearly  related  igneous  rocks,  in 
which  the  foliated  structure  sometimes  is  original,  but  often  has 
been  subsequently  impressed  during  earth  movements.  The  same 
is  true  of  the  dioritic  rocks.  Here  also  we  have  hornblende-schists, 
both  those  which  are  simply  foliated,  and  those  that  are  also 

*  For  these  I  have  proposed  the  name  of  Sheen-surfaces.  On  this  subject  see  Presid . 
Address,  Quart.Jonm.  Ceoi  Soc  ,  vol.  xlii  (1886);  Prac  .  pp  04 -99. 

t  I  do  not,  however,  mean  to  assert  that  all  gneis.ses  and  all  mica-schists  have  this  origin 

1  Gta/.  Mn:.,  1894,  p.  1x4. 

§  Quart.  Journ.  Geol.  Soc.^  vol.  xlvii  (189O.  PP.  4831  etc  \  xlviii  (1892),  pp.  128,  etc. :  Hi 
(1896;,  pp.  40  etc. 
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banded.     The  former  usually  result  from   pressure;   the  latter 
acquired  their  structure  in  cooling ;  though,  of  course,  they  may 
have  been  afterwards  modified  by  pressure.     In  many  cases  the 
pyroxenic  mineral  originally  was  augite,  and  the  rock  a  dolerite 
or  basalt.     That,  no  doubt,  is  the  history  of  many  of  the  green 
schists^  which,  as  will  be  noticed  later  on,  play  an  important  part 
in  the  geology  of  the  Alps.     When  the  foliated  structure  is  a  con- 
sequence of  pressure,  the  hornblende,  so  far  as  I  have  observed, 
always  takes  an  acicular,  or  at  any  rate  a  long  prismatic,  form.* 
An  actinolitic  habit   may  be  assumed,  it  is  true,  without  any 
special  action  of  pressure,  as  sometimes  happens  when  a  gabbro 
becomes  hornblendic   and    the    outside  of    the  original  grain 
of  augite  is  fringed  with  a  growth  of  pale  green  actinolite,  like 
blades  of  grass,  but  this  change  is  local  and  partial,  and,  so  far  as 
my  experience  goes,  can  be  readily  distinguished.  To  this  subject, 
however,  I  shall  have  to  refer  later  on.     True  peridotites  occur  in 
Piedmont  towards  the  margin  of  the  Alpine  chain,  and  in  one  or 
two  localities  in  the  Tyrol,  but  I  have  not  had  the  opportunity  of 
visiting  any  of  these.     Serpentines,  in  which  olivine  still  remains, 
are  not,  so  far  as  my  knowledge  goes,  very  common ;  though,  it  is 
evident,  to  the  experienced  eye,  that  this  mineral  has  once  been 
an  important,  if  not  a  dominant,  constituent.     Two  types  appear 
to  occur  in  the  Alps  ;  one  is  a  bastite-serpentine  with  accessory 
augite ;  the  other  seems  to  be  rich  in  augite,  with  little  or  no 
bastite  ;  the  latter  serpentine  being  generally  a  rather  harder  and 
tougher  rock  than  the  former  and  a  little  rougher  to  the  touch. 
But  I  am  not  yet  in  a  position  to  affirm  that  they  indicate  distinct 
effusions.     They  may  be  merely  portions  of  a  magma,  which  had 
already  undergone  some  differentiation.      The  usual  colour  of 
both  rocks  is  a  dark  green,  any  approach  to  redness  being  very 
rare.      In   fact  the    former  group   of  serpentines  (the  altered 
saxonites)  are  very  like  those  which  are  found  in  the  vicinity  of 
Genoa.!      The    Alpine  serpentines  often   are    greatly  crushed, 
sometimes  so  much  so  as  to  resemble  a  slate.  I     Sometimes  these 
become  converted  locally  into  a  true  talc-schist.     Gabbro  is  not 
rare  in  the  Alps ;  the  largest  mass  known  to  me  is  that  of  the 
Mont  Colon,  near  Arolla.     The  felspar  commonly  is  converted 
into  the  dead-white  mineral  which  passes  under  the   name  of 
saussurite ;  the  diallage  into  'some  form  of  hornblende.§    Occa- 
sionally such  a  gabbro  shows  signs  of  pressure-modification,  but  I 
think  that  this,  as  a  rule,  is  not  the  primary  cause  of  the  mineral 
change,  for  the  rock  appears  to  be  very  intractable.     In  some 
instances   it   cuts  the    serpentine,  a  common  and  well-known 
relation.     Conspicuous  smaragdite  distinguishes  a  variety  which 

•  QtMrt.Joum.  Geol.  Sac.,  vol.  xlix  (1393),  P*  94  I  ^^^'  ^«  (^894),  p.  279. 
t  Gea/.  Ma^.y  1879,  P-  3^'  •  1880,  p.  538. 

X  "  As,  for  instance,  at  the  head  of  the  valley  of  the  Guil,  near  the  Viso,  and  in  places  on 
the  Corner  Grat,  near  Zermatt."    Geol.  Mmr.,  1890,  p.  533. 

§  In  ihe  unaltered  rocks  olivine  is  generally  present,  but  we  lose  the  traces  of  this  (as  at 
the  Lizard)  in  the  process  of  mineral  change. 
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crops  out  on  the  AUalin  Glacier,  and  boulders  of  it  may  be  traced 
at  least  as  far  as  Geneva.  In  it  glaucophane  sometimes  occurs, 
and  garnets  are  not  very  infrequent.* 

It  would  not,  indeed,  be  correct  to  affirm  that  these  holo- 
crystalline,  mostly  granitoid,  rocks  are  always  the  oldest  in  the 
Alps,t  for  their  age  in  many  cases  is  a  matter  of  inference  rather 
than  of  proof.  Still,  not  seldom  their  antiquity  can  be  demon- 
strated ;  hence,  though,  in  the  Alps  as  elsewhere,  igneous  rocks  of 
uncertain  age  may  form  part  of  the  complex,  we  may  confidently 
claim  a  great  mass  of  rocks  not  only  as  Archaean,  but  also  as 
representing  a  rather  early  part  of  this  era.  In  some  districts  a 
second  group  of  rocks  occurs,  apparently  higher  in  position  than 
the  last-named,  and  consisting  mainly  of  fairly  massive  mica-schists 
rich  in  biotite ;  these  sometimes  are  gneissoid,  and  they  often 
contain  rather  large  red  garnets  and  long  crystals  of  actinolite. 
This  group,  as  was  pointed  out  by  Dr.  Sterry  Hunt,  presents 
certain  rather  distinctive  characteristics,  such  as  a  saccharoidal 
texture  in  the  more  felspathic  kinds,  an  abundance  of  a  silvery 
mica  and  of  red  garnets  in  the  more  schistose,  the  occasional 
presence  in  the  latter  of  such  silicates  as  kyanite  and  staurolite 
(which,  however,  also  occur  in  a  higher  series),  and  the  like. 
Dr.  Hunt  proposed  to  give  the  name  Montalban  to  this  group 
(from  the  White  Mountains  in  North  America),  and  to  assign  it  a 
chronological  value.  In  the  Alps,  so  far  as  our  knowledge  at  pre- 
sent goes,  this  appears,  when  it  occurs,  to  occupy  a  fairly  definite 
horizon,  and  to  form  a  kind  of  transition  between  the  coarsely 
crystalline  gneissoid  rocks,  already  mentioned,  and  the  group  of 
schists,  of  which  I  am  going  to  speak.  But  it  is  perhaps  safer,  in  the 
present  state  of  our  knowledge,  to  use  the  term  Montalban  in  a 
petrological  rather  than  in  a  chronological  sense.  J  These  rocks 
are  now  truly  metamorphic ;  but  which  of  them  were  originally 
igneous,  and  which,  if  any,  were  sedimentary,  we  are  not  yet  in  a 
position  to  determine.  It  is,  however,  my  impression  that  the 
group  will  be  found  ultimately  to  form  a  definite  part  of  the 
Alpine  succession. 

We  come  next  to  a  group  of  which  we  can  speak  with  more 
confidence,  both  as  to  its  position  and  the  origin  of  most  of  its 
members — that  of  the  "  Upper  Schists  "  as  I  have  generally 
designated  it.  J5  This  consists  largely  of  rocks  which  were  once 
true  sediments,  though  now  they  are  no  less  truly  crystalline. 
It  can  be  traced,  to  my  knowledge,  along  the  whole  chain  of  the 
Alps  from  the  Viso  to  beyond  the  Gross  Glockner.     I  have  no 

•  Phil.  iVfljp.,  1892,  p.  237. 

t  The  protOKine  of  Mt.  Blanc  is  not  the  oldest  p.irt  of  the  mountain  mass,  for  it  can  be 
seen  to  be  intrusive  in  other  cr>*stallines  and  in  several  other  places  I  have  found  a  por- 
phyritic  j^ranite  intrusive  in  gneissoid  rocks  and  schists.  The  Tonalite  of  the  Adamello  also 
IS  intrusive  in  the  "  Upper  Schists." 

1  I  have  often  referred  to  them  as  the  I^pontine  Kroiip.  since  they  are  exceptionally 
well  developed  in  the  Lcpontine  Alps,  near  the  St.Gothard  Pass. 

§  Described  in  p.ipers  in  Quart.  J  cum.  Geol.  Soc.  for  1889,  1890,  1893,  1896. 
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doubt  of  its  occurrence  well  to  the  south  of  the  one  and  to  the 
east  of  the  other,  but,  as  it  happens,  no  member  of  it  is  found  in 
such  districts  as  I  have  examined.  Restricting  ourselves  for  a 
moment  to  those  members  which  must  have  once  been  sediments, 
we  may  say  that  they  present  us  with  three  extreme  types  :  a  more 
or  less  schistose  marble  (sometimes  dolomitic),  a  mica-schist,  and 
a  quartz-schist.  The  group  also  contains  some  green  schists, 
which  I  pass  over  for  the  moment,  and  some  few  rocks  indubitably 
intrusive,  such  as  granite  (generally  porphyritic),  and  serpentine. 
The  above-named  three  types  represent  respectively  ancient  lime- 
stones, mudstones,  and  sandstones.  Of  this,  I  think,  no  one  who 
has  studied  them  in  the  field  can  entertain  any  doubt.  Just  as  in 
the  case  of  ordinary  sedimentary  strata,  such,  for  instance,  as  the 
Mesozoic  rocks  of  the  Alps,  we  find  every  possible  gradation  and 
all  sorts  of  variations  in  mineral  character,  from  the  alterna- 
tion of  masses  to  that  of  mere  bands,  so  do  we  with  this  group 
of  schists.  Mica  is  not  often,  and  calcite  but  seldom,  entirely 
absent.  Still  we  can  now  and  then  find  a  quartz-schist  almost  free 
from  both  minerals,  containing  only  a  few  spangles  of  white-mica 
here  and  there,  or  a  marble  which  practically  is  free  from  quartz 
or  even  from  mica  ;  but  the  one  rock  will  graduate  either  into  a 
quartz-schist,  very  distinctly  banded  with  mica,  or  into  an 
ordinary  quartzose  mica-schist  ;  the  other  into  a  marble  with 
micaceous  bands,  or  into  an  ordinary  calc-mica-schist.  Micro- 
scopic study  of  the  quarcz-schists  shows  that  their  structure — 
/.^.,  the  form  of  the  constituent  quartz  grains — differs  very 
markedly  from  that  of  an  ordinary  quartzite,  and  that  this 
difference  does  not  seem  adequately  explained  by  the  action  of 
pressure  after  partial  metamorphism.  Still,  that  we  are  dealing 
with  a  rock  originally  clastic  cannot  be  doubted,  for  in  certain 
localities  bands  of  pebbles  may  still  be  detected  in  the  coarser 
varieties  of  this  quartz-schist.*  Among  the  mica-schists,  one  of 
the  most  marked  and  widely  extended  types  consists  largely  of 
mica,  both  brown  and  white,  the  latter  being  generally  small  and, 
in  some  cases,  a  secondary  product.  This  rock  is  always  dark  in 
colour,  often  almost  black  ;  apparently  owing  to  the  presence 
of  iron-oxide  and  some  graphite.  In  certain  districts  it  is 
characterised  by  the  abundance  of  a  garnet,  generally  darkened 
by  impurities,  but  occasionally  of  a  dull  reddish  colour,  which 
varies  in  size  from  that  of  a  wild  cherry  downward.  It  belongs, 
I  believe,  like  the  garnets  in  the  "  Montalban  "  group,  to  the 
almandine  section  ;  but,  as  Dr.  Grubenmann  states,!  a  satisfactory 
analysis  cannot  be  obtained  owing  to  the  abundance  of  adven- 
titious matter.  Staurolite  sometimes  occurs  associated  with  this 
garnet,  and  the  former  mineral  is  large  and  abundant  in  a  schist 
which,  in  the  Val  Piora,  enters  into  the  same  group ;  rutile  also  is 

*  Geoi.  Mag,^  1893^  p.  204 ;  1896,  p.  400. 

t  Analysis  quoted  in  Quart. /cum.  Geol.  Soc.  (1890),  xlvi,  p.  235. 
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a  rather  common  constituent.  This  dark  schist  sometimes  occurs 
in  masses  of  considerable  thickness ;  occasionally  it  is  interbanded 
with  an  impure  quartz  schist ;  the  two  forming  layers  which 
vary  in  depth  from  several  inches  to  hardly  more  than  lines.* 
The  dark  schist  is  commonly  a  little  calcareous,  and  it  passes  in 
some  localities,  either  gradually  or  rapidly,  into  a  white  or  cream- 
coloured  marble  or  dolomite.  In  this,  at  one  locality,  Iz^rge 
crystals  of  tremolite  are  abundant.  Another  member  of  the 
group  is  a  disthene  schist,  or,  more  strictly  speaking,  a  schist 
chiefly  composed  of  two  species  of  mica,  with  disthenes  (or 
kyanites)  generally  very  small  in  size.  All  the  members  of  this 
group  of  schists  have  been  modified  by  pressure,  which  acted 
after  they  had  assumed  a  crystalline  condition.  Sometimes  they 
are  wonderfully  puckered  and  contorted ;  they  frequently  exhibit 
sheen-surfaces,  and  occasionally  strain-slip  cleavage;  sometimes 
the  crushing  and  shearing  has  been  so  great  that  they  have  become 
quite  slaty.  The  garnets  also  are  often  distorted  and  cracked, 
occasionally  even  "  sliced " ;  and  the  staurolites  have  suffered, 
though  on  the  whole  not  so  much.  The  pressure,  as  already  said, 
has  produced  sheen-surfaces  in  the  mica-schists  ;  it  has  sometimes 
made  the  quartz-schists  so  "  slabby  "  that  they  can  be  used  for 
paving,  or  even  for  roofing,  and  it  has  occasionally  left  its  mark 
on  the  marbles  or  dolomites,  which  also  are  not  seldom  so  affected 
by  crushing  as  either  to  become  rather  friable  or  to  assume  a 
much  more  compact  structure  than  properly  belongs  to  them. 
But  a  little  careiul  study  shows  that  the  pressure  has  acted  upon  a 
rock  already  crystalline,  and  that,  besides  this,  in  those  cases  where 
locally  a  crushed  mica-schist  is  hardly  distinguishable  from  a 
phyllite,  or  a  marble  from  an  ordinary  pure  limestone  (such  as 
may  be  found  sometimes  in  the  Alpine  Mesozoic  rocks),  pressure 
has  not  so  much  been  the  cause,  as  it  has  undone  the  work  of 
crystallization ;  in  other  words,  it  is  not  so  much  a  fragmental  rock 
which  has  been  made  crystalline,  as  a  crystalline  rock  which  has 
been  reduced  to  a  fragmental  condition.  These  changes  also — these 
difficulties  as  to  the  true  nature  of  the  rock — are  only  local,  and 
but  rarely  cause  serious  perplexity.  As  a  rule  three  things  are 
clear  in  regard  to  this  group  of  schists,  considered  as  a  whole :  (a) 
that  its  members  were  originally  sediments  ;  (d)  that  they  after- 
wards assumed  a  crystalline  condition,  so  that  in  almost  every  case 
the  original  structures  were  obliterated  by  mineral  changes ;  and 
(c)  that  if  these  changes  were  due  to  pressure,  this  was  very 
far  from  being  the  only  agent,  though  it  has  undoubtedly 
produced  effects,  sometimes  very  marked,  since  the  rock  became 
crystalline. 

Before  quitting  this  group  we  must  notice  the  green  schists 
{Gruner  Schiefer  of  the  Swiss  geologists),  which  often  seem  to 

*  This  interbanding  Is  remnrkably  well  exhibited  in  the  Lepontine  Alps,  especially  at 
various  localities  between  the  Binnenthal  and  the  Val  Greina. 
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form  an  integral  part  of  it.  These  are  hornblendic  and  chloritic 
schists,  containing  more  or  less  epidote,  felspar  (this,  or  some 
kindred  silicate,  being  often  of  secondary  origin),  micas,  garnet, 
and  quartz,  with  sundry  other  constituents  of  minor  importance. 
Glaucophane  also  is  occasionally  present.  In  the  coarser 
varieties  the  individual  minerals  (excepting  the  garnets,  which 
sometimes  run  rather  larger)  are  not  often  more  than  'i  inch  in 
diameter,  and  from  this  they  become  more  and  more  minute,  till 
the  schist,  at  first  sight,  might  be  taken  for  a  green  slate. 
Occasionally  the  rock  exhibits  a  mineral  banding,  but  very  often 
it  is  uniform.  Obviously,  like  the  schists  with  which  it  is 
associated,  it  has  been  modified  by  pressure  in  one  or  more  of 
the  later  stages  of  its  history.  It  is  difficult  to  ascertain  with 
certainty  the  origin  of  this  green  schist,  or,  indeed,  whether  there 
may  not  be  more  than  one.  We  sometimes  obtain  distinct  proof 
that  it  is  intrusive  in  the  calc-mica  schists ;  in  a  single  case  only 
have  I  suspyected  a  passage  from  the  one  to  the  other ;  in  many 
instances  no  definite  evidence  is  afforded.*  The  green  schist  is 
not  always  present ;  not  seldom,  however,  there  may  be  more 
than  one  mass  of  it.  The  outcrops  vary  in  form,  being  some- 
times rather  irregular;  but  sometimes  they  are  like  sills  or 
interstratified  beds.  They  appear  not  to  belong  to  any  definite 
horizon,  though  I  think  that  as  a  rule  they  occur  in  the  lower 
part  of  the  calc-mica  schist.  We  meet  with  a  similar  rock  among 
the  gneisses,  but  here  there  can  he  no  doubt  that  it  is  intrusive. 
In  my  opinion,  and  I  have  paid  some  attention  to  the  subject, 
these  green  schists  usually  represent  a  group  of  intrusive  diabases, 
modified  by  pressure  and  other  agents  of  alteration,  f  though, 
at  present,  I  would  not  exclude  the  possibility  of  some  basic 
tuffs  being  locally  present.  In  other  words,  I  think  they  were 
not  deep-seated  intrusions,  so  that  I  should  not  be  surprised  if 
they  passed  locally  into  surface  eruptions.  I  have  already  stated 
that  a  belt  (speaking  in  general  terms)  of  rather  similar  rocks 
occurs  among  the  gneisses  on  the  south  side  of  the  watershed 
of  the  Alps.  With  these  I  am  less  familiar,  for  it  is  many  years 
since  I  saw  them ;  but,  so  far  as  I  remember,  they  usually 
are  rather  more  coarsely  crystalline  than  those  just  described. 
Possibly  they  may  be  a  set  of  approximately  contemporaneous 
intrusions,  but  more  deeply  seated.  For  these  Dr.  Sterry  Hunt 
proposed  the  name  of  the  Pietra  Verde  group,  regarding  it  as 
having  a  chronological  value.  So  far  as  I  understand  him,  he 
considered  these  and  the  green  schists  associated  with  the  calc- 
mica  schists  to  be  on  the  same  geological  horizon.  I  must  say 
that,  in  my  opinion,  a  more  intimate  knowledge  of  the  Alps 
would  have  shown  him  that  not  only  is  it  impossible  to  arrive 

•  Junctions   in  the  -Vlps  have  an  exasperating  habit  of  becoming  marked  by  dibrh^ 
turf,  etc. 

t  Quart.  J  cum.  Ceoi.  Soc.,  vol.  1  (1894),  p.  279. 
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at  any  very  definite  conclusion  as  to  the  age  of  these  green  schists, 
but  also  that  the  correlation  of  them  with  the  Huronian  of  North 
America  is  in  the  highest  degree  improbable.  The  latter  (exclud- 
ing intrusive  igneous  masses)  are  sedimentary  rocks,  often  only 
little  altered ;  but  there  is  not  a  single  member  of  the  green  schists 
(so  far  as  I  have  seen  them)  to  which  one  can  with  certainty  attribute 
a  clastic  origin  ;  and  if  such  an  origin  could  be  established,  then 
their  alteration  is  very  great. 

The  serpentine  is  generally,  but  not  invariably,  associated  with 
the  green  schist.  Even  where  direct  evidence  of  its  relations  is  want- 
ing, the  outline  of  the  outcrop  usually  suggests  intrusion.  When 
we  remember  that  the  Appenine  serpentine  is  of  late  date, 
and  often  resembles  that  of  the  Alps,  we  are  tempted  to  wonder 
whether  the  latter  also  was  extruded  in  Tertiary  ages.  But 
except  in  one  case,  near  Matrei,  on  the  Brenner,  where  the  evidence 
was  very  far  from  clear,  I  have  never  seen  it  intrusive  in  any  rock 
which  did  not  belong  to  the  crystalline  series.  Indeed,  as  I  have 
already  said,  intrusive  igneous  rocks,  as  a  rule,  rarely  occur  among 
the  sedimentaries  of  which  the  geological  horizon  can  be  de- 
termined. There  are,  indeed,  certain  granites  associated  with  the 
crystalline  schists  and  gneisses,  such  as  those  in  the  Gasterenthal, 
in  the  Engadine,  near  Baveno,  etc.,  which  the  Swiss  geologists  are 
disposed  to  refer  to  the  Permian  period,  and  they  seem  really 
separable  from  the  granitoid  rocks  which  ordinarily  form  part  of 
the  crystalline  "complex";  in  the  latter  also  we  find  locally 
"  porphyroids  "  which  may  be  of  the  same  date,  but,  so  far  as  I 
know,  there  is  no  evidence  in  regard  to  either  which  can  be  called 
conclusive.  The  great  Alpine  locality  for  igneous  rocks  of  Per- 
mian and  Triassic  age,  as  every  geologist  knows,  is  the  southern 
Tyrol,  on  either  side  of  the  Adige,  in  the  district  of  which  Pre- 
dazzo  may  be  regarded  as  the  centre.  Of  these,  as  it  is  classic 
ground,  I  need  not  give  any  description.  Masses  of  "  porphyry," 
doubtless  belonging  to  the  same  period,  may  be  traced  at  intervals 
on  the  south  side  of  the  chain  westward,  to  beyond  the  Lake  of 
Orta  ;  and  some  rather  similar  rocks  are  found  in  other  parts  of 
Switzerland  (as  on  the  Windgelle,  and  in  the  mountains  not  far 
from  Vernayaz),  which  are  approximately  contemporaneous.  In 
the  remainder  of  the  Mesozoic  era,  and  in  the  earlier  part  of  the 
Tertiary,  the  region  of  the  Alps  appears  to  have  been  singularly  free 
from  eruptive  action  ;  and  even  the  great  successive  earth  move- 
ments, which  produced  the  present  chain,  seem  to  have  been 
seldom  associated  with  volcanic  discharges.  There  are  exceptions, 
however,  as  in  the  case  of  the  "  Alpine  melaphyr  "  of  Allgau,  the 
so-called  Taveyanaz  sandstone  and  the  basalts  of  the  Vicentin 
Alps,  but  I  have  not  examined  any  of  these  in  the  field. 

We  come  next  to  deposits  the  age  of  which  can  be  deter- 
mined by  fossils.  On  the  north-eastern  margin  of  the  chain 
strata  occur  which  have  been  referred  to  the  Silurian  and  the 
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Devonian  periods.  These  I  have  seen  only  in  one  place,  and 
then  but  in  passing,  near  Kitzbuhel.  They  were  greywackes  and 
slaty  argillites,  which  had  derived  some  of  their  material,  at  any 
rate,  from  crystalline  rocks.  The  Carboniferous  system  is  repre- 
sented in  the  Alps  by  certain  fossiliferous  limestones  and  other 
deposits  in  the  Guilthal  district  (which  I  have  not  seen)  and  by  a 
number  of  strips,  commonly  restricted  in  breadth  and  sharply 
infolded,  which  may  be  traced  at  intervals  all  through  the  Central 
and  Western  Alps.  In  these  infolds  conglomerates  and  breccias 
are  not  rare,  though  black  slaty  rocks,  passing  into  phyllites,  are 
more  common,  which  are  sometimes  good  enough  to  be  quarried. 
Small  beds  of  anthracite  occur  occasionally,  and  fossil  plants  are 
abundant  in  one  or  two  localities,  perhaps  the  most  noted  being 
in  the  glen  of  the  Dioza  near  the  Col  d'Anterne.*  In  the  upper 
valley  of  the  Rhone,  at  no  great  distance  from  the  river,  are  some 
dark  schistose  rocks  which  present  a  more  modern  aspect  than 
any  of  the  "Upper  Schist"  jjroup  described  above,  and  may 
possibly  belong  to  the  Carboniferous  system,  and  with  them  I  am 
disposed  to  group  the  so-called  Pontiskalk  which  crosses  the 
entrance  of  the  Val  d'Anniviers.f  Occasionally  it  is  far  from 
easy  to  distinguish  these  schistose  rocks  from  members  of  the 
crystalline  group.  The  difficulty,  however,  is  only  local,  and  is 
due  to  the  fact  that  these  later  rocks  are  sometimes  composed  of 
materials  obtained  from  the  older  crystallines,  that  they  have  been 
also  much  compressed,  and  have  undergone,  in  consequence 
both  of  this  and  of  their  peculiar  composition,  some  amount  of 
mineral  change.  Of  these  ambiguities  the  most  perplexing  is 
the  so-called  Carboniferous  gneiss  of  Guttannen,J  a  block  of 
which  is  supposed  to  contain  two  stems  of  a  plant,  somewhat 
resembling  a  large  calamite.  The  nature  of  this  rock  and  of 
the  apparent  fossil  is  not  to  be  settled  in  the  off-hand  way  of  which 
the  pages  of  your  PROCEp:r)iNGS,5^  afford  an  instance — especially 
when  the  ex  cathedra  judgment  incorporates  a  mistaken  identifi- 
cation of  a  common  mineral.  ||  This  remark,  I  may  observe,  is 
not  the  outcome  of  a  passing  glance,  but  of  two  prolonged 
examinations  of  the  slab  in  the  Museum  at  Berne,  and  two  visits 
to  Guttannen  in  order  to  study  the  rock  in  the  field.  I  can 
readily  understand  that  there  is  room  for  two  opinions,  but  on 
the  whole  have  come  to  the  conclusion  that  the  markings  indicate 
plants  and  that  the  rock  is  not  really  a  gneiss  but  only  an 
"arkose."  It  presents  us  with  this  dilemma.  If  the  so-called 
gneiss  contain  the  remains  of  a  plant,  then  it  is  no  more  a  gneiss 
than  the  Torridon  sandstone  is  a  granite ;  and  if  the  supposed 

*  A.  Wills,  The  Eagles  Xrst,  ch.  vii.     A  fine  series  was  presented  by  that  author  to  the 
Geological  Museum  at  University  Coll^Re. 

♦  Cenainly  this  is  not  a  member  of  the  cr>'stalline  schist  group.    Geol.  Afag:,  1896,  p.  401. 
t  Quart.  Jonm.  Geol,  S(K.,  vol.  xlviii  (1892),  p.  390. 

$  Vol.  xiv.  p.  43. 

I'  I  have  alK>ut  twenty  slices  in  my  collection  and  hornblende  is  doubtfully  present  in  one 
of  them. 
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plant  is  only  a  pressure  structure  in  a  gneiss  then  no  light  is 
thrown  on  questions  of  metamorphism. 

A  rock  called  Verrucano,  which  is  generally  referred  to  the 
later  part  of  the  Carboniferous  or  to  the  Permian  system,  is  often 
largely  made  up  of  fragments  of  the  older  crystallines,  and 
presents  the  student  with  difficulties  similar  to  those  just  men- 
tioned. But  here  the  puzzle,  so  far  as  I  have  seen,  is  of  a 
simpler  kind  and  can  be  solved  by  the  expenditure  of  a  little  time 
and  patience.  The  Rofna  gneiss  and  the  crushed  gneissoid 
mass  near  Ilanz  have  been  regarded  by  some  geologists  as  the 
equivalent  of  the  Verrucmo,  but  I  have  failed  to  ascertain  any 
scientific  basis  for  this  opinion. 

With  the  Triassic  Period  a  steady  downward  movement  began 
to  affect  the  whole  Alpine  region.  This  was  more  marked  in  the 
Eastern  Alps,  where  eruptive  action  had  been  intense  during  the 
Permian  Period  and  did  not  cease  till  after  it  had  closed.  In 
this  region  the  crystalline  floor,  together  with  its  burden  of 
lavas  and  tuffs,  sank  slowly  down,  so  that  in  Triassic  times  great 
masses  of  limestone  and  dolomite  were  deposited  over  a  large 
area  to  the  east  of  the  Upper  Innthal ;  the  latter  rocks  sometimes 
attaining  a  thickness  of  more  than  3,000  feet.  I  must  excuse  myself 
from  entering  into  the  difficult  question  of  the  origin  of  the  dolo- 
mites of  the  South-eastern  Tyrol,  as  it  would  occupy  too  much  time, 
and  it  is  not  one  to  which  I  have  devoted  any  very  special  atten- 
tion.* Deposits  of  Triassic  age  are  more  local  in  the  Central  and 
Western  Alps.  In  some  districts  they  are  wanting,  evidently 
never  having  been  deposited ;  in  others,  as  in  parts  of  the 
Pennine  and  Lepontine  Alps,  they  are  abnormal  in  character, 
being  most  commonly  represented  by  a  soft  yellow  tufaceous 
limestone,  which  frequently  contains  fragments  of  the  older 
gneisses  and  schists.  With  this  limestone,  gypsum  and  dolomite 
are  often  associated.  The  deposit  sometimes,  as  at  the  Pizzo 
Columbe,  near  the  Lukmanier  road,  attains  to  a  considerable 
thickness,  but  it  often  thins  down  to  a  few  yards  or  even  feet, 
and  may  exhibit  great  irregularity  in  a  very  limited  area.  In 
other  districts,  however^  the  Trias  consists  of  ordinary  limestone, 
etc.,  and  is  quite  normal  in  character. 

The  Jurassic  rocks  overlap  the  Trias,  have  a  wider  extension, 
and  are  free  from  abnormalities.  In  the  lower  part  they  consist 
for  the  most  part  of  dark  argillaceous  rocks  (frequently  cleaved), 
occasionally  banded  with  hard  brown  sandstone,  approaching 
quartzite.  The  former  rocks,  allowing  for  the  cleavage,  often 
remind  us  of  some  of  the  Liassic  shales  of  England.  They  are 
commonly  rather  calcareous,  and  sometimes  become  true  lime- 
stones. Belemnites,  fragments  of  Pentacrinites,  and  other  fossils  are 
not  mfrequent,  and  these,  as  is  well  known,  are  sometimes  curi- 
ously distorted  by  pressure.    In  the  remaining  part  of  the  Jurassic 

*  See  a  very  important  paper  by  Dr.  Maria  Ogilvie  in  Gt^l,  Mag.^  1894,  pp.  x*49. 


PHYSICAL   HISTORY   OF   THE   ALPS.  1 3 

rocks  limestones  are  rather  abundant,  sometimes  forming  thick 
masses.  They  weather  to  a  pale  fawn-tint,  though  when  freshly 
broken  they  commonly  appear  rather  dark  in  colour. 

At  this  point  we  must  pause  in  order  to  notice  certain  state- 
ments wliich  have  been  made  with  much  confidence,  and  appear 
to  find  favour  with  several  leading  geologists  of  Switzerland — 
namely,  that  in  the  Alps  strata  of  Triassic  and  Jurassic  age  have 
undergone  such  metamorphoses  that  they  may  be  properly  classed 
with  the  crystalline  schists.  Of  course,  in  a  question  such  as 
this,  everything  depends  on  the  sense  in  which  words  are 
employed.  Probably  almost  all  Jurassic  or  Palaeozoic  rocks  in 
England,  certainly  all  the  limestones,  have  undergone  some  mineral 
change  since  the  time  when  they  were  first  deposited.  Fragments 
of  organisms  have  often  lost  their  more  minute  structures,  and 
have  assumed  that  of  mineral  calcite.  This  obviously  is  incipient 
"  marmorosis,"  but  we  must  be  careful  not  to  let  the  fine  word 
act  like  a  spell  in  paralysing  our  mental  powers.  Such  an  amount 
of  "  marmorosis  "  is  exhibited  by  many  an  oolite  of  England,  but 
this  does  not  induce  us  to  reckon  Bath  or  Portland  stone  among  the 
Metamorphic  rocks.  Similar  changes  are  exhibited  in  Jurassic 
and  Triassic  rocks  in  the  Alps,  but  that,  for  the  same  reason,  has 
no  real  bearing  on  the  present  question.  Still  we  must  keep  this 
distinction  clearly  in  view,  for  I  have  more  than  once  noticed 
that  forgetfulness  of  it  has  produced  very  much,  though  quite 
unnecessary  confusion.  But  to  return  to  those  cases  to  which 
the  statements  already  mentioned  more  properly  apply.  I  have 
personally  investigated  most  of  the  instances  by  which  they  are 
supposed  to  be  supported,  with  the  following  results.*  In  the 
first  place  a  number  of  crystalline  rocks — marbles,  calc-mica- 
schists,  etc.,  are  set  down  as  Trias,  without  any  evidence  at  all  in 
support  of  that  reference  beyond  this,  that  they  are  distinctly 
more  modern  than  some  of  the  gneisses  among  which  they  occur, 
as  if  in  folds  or  as  pieces  "  wedged  in  "  by  thrust  faults.  But  these 
so-called  Triassic  rocks  correspond  exactly  with  rocks  which,  in 
other  places,  can  be  proved  to  be  much  older  than  the  Trias, 
while  they  are  very  different  from  those  which  can  certainly  be 
identified  with  Trias,  and  in  no  case  graduate  upward  into  strata 
containing  Jurassic  or  indeed  any  other  fossils.  But  this  objection 
is  asserted  to  be  invalid  on  the  ground  that  in  certain  parts  of  the 
Alps,  Jurassic  limestone  can  be  proved  to  have  been  marmorized 
by  pressure  till  it  is  indistinguishable  from  a  schistose  marble, 
while  in  others  authigenous  garnets  and  staurolites  can  be  found 
lying  side  by  side  with  Belemnites,  Pentacrinites,  and  other 
Jurassic  fossils.  As  regards  the  former  of  these  statements,  I 
have  pointed  outf  that,  in  addition  to  other  difficulties,  the 
sections,  confessedly  perplexing,  prove  too  much,  for  they  show  us 

*  See  papers  published  in  Q$tart.  Journ.  GtoL  Soc.  between  1890  and  x8o6. 
t  Quart.  Journ.  Geol.  Soc.,  vol.  1  (1894),  P  285  and  vol.  liii  (1897),  p.  16. 
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within  a  few  feet  of  each  other,  two  limestones,  one  of  which  is 
highly  metamorphosed,  the  other  practically  unaltered.  They 
also  show  us  that  the  marble,  whatever  may  have  been  the  cause 
of  its  change  from  an  ordinary  limestone,  has  been  greatly  affected 
by  pressure,  which  acted  upon  it  ajter  it  became  marble  ;  that  it 
is  associated  with  other  crystalline  schists  ;  and  that  its  mode  of 
occurrence  in  the  field  is  suggestive  of  faulting.  As  regards  the 
second  statement  I  have  demonstrated,*  to  the  satisfaction,  I 
believe,  of  all  who  have  chosen  to  look  at  the  evidence  which  I 
have  laid  before  them,  that  it  has  no  better  support  than  a 
mistake  in  elementary  mineralogy.  Where  fossils  occur  neither 
garnets  nor  staurolites  are  found  in  the  rock  (unless  present  as 
derivative  fragments),  but  only  certain  ill-formed,  very  impure 
hydrous  silicates,  which  have  a  slight  superficial  resemblance  to 
rolled  specimens  of  those  minerals  ;  but  where  authigenous 
garnets  and  staurolites  do  occur,  the  rock  throughout  is  in  a 
truly  crystalline  condition  and  not  a  trace  of  a  fossil  can  be 
detected. 

But  it  has  been  also  asserted  that  some  of  these  crystalline 
schists  are  proved  to  be  Jurassic  in  age,  because  they  form  the 
inner  part  of  a  fold  of  which  the  outer  is  admitted  to  be  Triassic. 
I  have  shown  this  interpretation  to  be  untenable,!  for  if  it  were 
correct  we  should  meet  with  great  difficulties  in  accounting  for 
the  distribution  and  mode  of  occurrence  of  the  beds  in  the  sup- 
posed fold ;  we  should  have  highly  crystalline  schists  of  Jurassic 
age  overlying  practically  unaltered  Triassic  rocks,  and  we  should 
find  fragments  of  the  former  abundant  in  the  latter  !  No  doubt 
in  one  or  two  cases  the  collocation  of  the  beds  is  rather  remark- 
able if  we  adopt  the  hypothesis  of  thrust-faulting,  but  the  diffi- 
culties raised  by  this  are  slight  in  comparison  with  those  which 
are  involved  in  the  other. 

In  this  connection  it  may  be  well  to  give  a  brief  notice  of  a 
mass  of  rocks  which  occupies  a  large  area  in  the  more  eastern 
part  of  Switzerland,  especially  in  the  district  drained  by  the 
Hinter  and  Vorder  Rhein.  These  are  collectively  called  the 
Bilndner  Schiefer  or  Schistes  de  Grisons.  Various  statements 
have  been  made  as  to  their  age,  and  they  have  been  supposed  to 
be  the  happy  hunting  ground  of  the  "  progressive  metamorphosist." 
Here,  as  a  matter  of  fact,  one  name  covers  at  least  two  very 
distinct  groups  of  rock.  The  one,  truly  crystalline,  consists  of 
schistose  marbles  and  mica-schists  more  or  less  calcareous, 
associated  sometimes  with  quartz-schists  and  often  with  the 
green  schists  described  above — in  short  the  typical  "  upper 
schists,"  which  here,  as  elsewhere  in  the  Alps,  may  be  often  seen 
to  overlie  the  gneisses  and  to  underlie  all  recognisable  Mesozoic 
or  Palaeozoic  rocks.      The  other  group  is  composed  of  grits  and 

•  Quart.  Joum.  Geol  Soc.y  vol.  xlvi  (1890).  p.  187  ;  vol.  1  (1894),  p.  297. 
t /^/rf.i  vol.  1  (1894),  p.  285  (with  reference). 
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slates,  which  never  pass  beyond  the  stage  of  phyllites,  and  are 
not  more  metamorphosed  than  may  be  often  observed  in  rocks 
on  the  same  general  line  of  strike  in  other  parts  of  the  Alps — that 
is  to  say,  it  is  a  group  of  Mesozoic  rocks,  affected  to  the  usual 
extent  by  pressure.  It  is  possible  that  in  the  district  south  of 
the  Vorder  Rheinthal,  as  is  the  case  in  the  upper  Rhonethal,  a 
third  group,  somewhat  intermediate  in  character,  may  locally 
occur,  but  on  this  point  I  will  not  venture  to  speak  positively 
until  I  have  had  another  opportunity  of  traversing  a  certain  part 
of  this  district. 

In  regard  to  the  later  Secondary  and  the  earlier  Tertiary  rocks 
of  the  Alps  little  need  be  said.  Limestones  and  shales  (or  slates) 
are  commoner  than  sandstones,  while  any  coarse  fragmental 
rock  is  rather  rare  and  local.  Here  and  there  beds  of  very  pure 
cream-coloured  limestone  occur,  but  there  is  nothing  like  the  chalk 
of  England.  In  these  rocks  fossils,  as  a  rule,  are  not  very  common. 
True,  I  have  never  spent  much  time  in  hunting  for  them,  but 
they  do  not  catch  the  eye  as  one  scrambles  about,  as  they  often  do 
on  the  English  hills.  Under  the  microscope,  however,  fragments 
of  organisms  are  frequently  seen.  Of  course,  in  much-disturbed 
districts  these  are  apt  to  be  ill-preserved.  But  among  the  more 
coarsely  clastic  rocks  one,  which  contains  large  fragments  of 
mineral  origin,  demands  a  short  notice,  for  it  offers  to  us  more 
than  one  difficult  problem.  In  certain  districts,  in  a  deposit 
called  the  Flysch,  which  here  is  of  Eocene  age,  conglomerates 
and  even  boulders  occur,  the  volume  of  which  sometimes  amounts 
to  several  cubic  yards.  One  of  the  most  noted  localities  for  these 
is  the  upper  part  of  the  Habkern-thal.  The  boulders  lie  in  a 
more  or  less  sandy  mudstone,  very  rudely  cleaved,  in  which  also 
are  "  pockets,"  or  irregular  streaky  seams  of  coarse  grit,  contain- 
ing often  smaller  fragments  of  granitic  rock.  Their  mode  of 
occurrence  is  peculiar ;  perhaps  I  may  give  the  best  notion  of  it 
by  saying  that  they  look  as  if,  here  and  there,  a  barrow-load  of 
gravelly  stuff  had  been  tipped  over  into  the  water  in  which  the 
mud  was  being  deposited.  The  granites  of  the  boulders  (five  or 
six  varieties  have  been  observed)  do  not  correspond  with  any 
now  exposed  in  the  Alps ;  one — a  porphyritic  rock,  with  some 
resemblance  to  that  of  Shap  Fell — is  very  similar  to  a  granite 
which  occurs  in  the  Schwarzwald.  Similar  deposits  are  found  in 
the  Fljrsch  in  other  parts  of  the  Alps,  but  I  have  myself  examined 
only  that  in  the  neighbourhood  of  Sepey  (Val  des  Ormonds). 
Here  the  boulders  are  abundant,  though  they  do  not  run  quite  so 
large  as  in  the  Habkern-thal.  Most  of  them,  however,  are  a  grey 
granite,  which  could  be  matched  in  the  crystalline  districts  of  the 
Alps.  They  usually  occur  in  beds  of  more  or  less  sub-angular 
breccia,  which  are  regularly  interstratified  with  grits  and  mud- 
stones  (slates),  though  now  and  then  they  may  be  found  lying 
in  the  mudstone  itself. 
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No  thoroughly  satisfactory  explanation  of  the  occurrence  of 
these  rocks  has  yet  been  given.  That  they  have  come  from  the 
ranges  to  the  south  seems  almost  impossible ;  that  they  have 
been  derived  from  a  vanished  pre-Alpine  range  to  the  north 
seems  hardly  more  probable.  I  think,  however,  that  they  have 
not  travelled  from  a  long  distance,  and  it  is  possible  that  some 
rocky  islands  even  then  may  have  existed  in  the  area  now  occu- 
pied by  the  Alps.  The  mode  of  transport  is  also  a  puzzle.  Ice 
is  the  agent  which  naturally  suggests  itself.  But  this  deposit 
occurs  in  the  Eocene  system,  and  that  was  a  warm  period ;  so 
that  floating  ice  seems  out  of  the  question.  And  we  cannot 
appeal  to  glaciers,  for  at  that  epoch  the  Alps  were  practically  non- 
existent. I  am  unable  to  propose  any  satisfactory  solution  of  the 
difficulty. 

After  the  deposit  of  strata  which  are  approximately  contempo- 
raneous with  the  Barton  Beds  of  England,  the  development  of 
the  present  Alpine  chain  began.  The  formation  of  the  great 
parallel  folds,  the  change  over  a  large  area  from  subsidence  to 
upheaval,  from  deposition  to  denudation,  produced,  as  was 
inevitable,  a  break  in  the  succession  of  the  sedimentary  rocks, 
and  greatly  altered  the  circumstances  under  which  the  next  group 
of  beds  was  laid  down.  Some  of  them  indicate  the  existence 
of  shallow  seas,  but  more  often  they  were  formed  under  fresh- 
water conditions,  as  deltas  in  lakes  or  even  upon  plains  at  the 
foot  of  mountains.  These  deposits  occur  only,  so  far  as  they 
can  be  identified,  in  the  sub-Alpine  region  or  on  the  outermost 
fringe  of  the  chain,  and  they  extend  over  what  may  be  called  by 
comparison  the  lowlands  on  both  sides,  but  especially  on  the 
more  northern  one,  of  the  Alps.  On  this  account,  seeing  that 
this  paper  is  already  too  long,  I  shall  abstain  from  discussing 
them  in  detail,  and  merely  slate  that  the  huge  masses  of  con- 
glomerate, which  form  the  great  foothills  of  the  Oberland  district, 
not  to  mention  other  parts  of  the  Alps,  were  deposited  by  powerful 
rivers  flowing  in  the  same  general  directions  and  courses  as  those 
which  still  issue  from  the  Alps.*  To  these  conglomerates  the 
name  of  nagelfluh  has  been  given,  and  they  have  been  separ- 
ated, in  accordance  with  the  mineral  nature  of  their  pebbles, 
into  the  nagelfluh  poly  genet iquc  and  the  nagelfluh  calcaire  ;  the 
distinction,  I  believe,  being  dependent  solely  on  the  char- 
acter of  the  rocks  in  the  basin  which  was  being  drained  and 
denuded  by  each  of  the  streams.  It  has  been  stated,  indeed, 
that  some  of  the  pebbles  represent  rock  which  cannot  now  be 
found  within  these  areas.  So  far  as  concerns  the  sedimentary 
rocks,  I  feel  doubtful  whether  there  is  much  ground  for  this  asser- 
tion, especially  when  we  remember  that  a  very  large  quantity  of 

•  One  thing  is  noteworthy,  that  the  difference  in  geolof^ical  age  between  the  newest  of  the 
bedi«  uplifted  in  the  Alpine  masiUis  and  the  oldest  of  those  m  the  foothills  is  not  gnrat.  Are 
we  to  suppose  that  Nature  really  did  "hurry  up"  a  little  in  making  the  Alps?  liut  what 
will  the  severely  orthodox  Uniformiiarians  say  ? 
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the  pebbles  were  supplied  by  strata  which  have  now  disappeared. 
As  to  the  crystalline  rocks  which  occur,  though  not  very  abundantly, 
in  the  nagelfluh polygenetique^  it  is  true  that  certain  of  these,  especi- 
ally some  reddish  felstones  and  granites,  cannot  be  identified,  as 
we  might  expect  they  would  be,  within  the  area  drained  by  the 
present  rivers ;  but  rocks  not  very  dissimilar  occur,  and  when  we 
consider  how  much  covered  ground  there  is  in  every  part  of  the 
Alps,  we  cannot  be  surprised  at  being  unable  to  identify  some  of 
the  comparatively  rare  constituents.*  The  suggestion  that  the 
watershed  of  the  Alps  then  lay  so  far  away  to  the  south  of 
its  present  position,  that  rocks  could  be  transported  from  the 
lower  ends  of  the  great  lakes,  seems  to  me  so  improbable  as  not 
to  require  serious  consideration. f  In  the  nagelfluh  and  molasse 
of  Switzerland  (to  speak  of  this  only),  many  parts  of  the  ranges  which 
existed  in  Oligocene  and  Miocene  times  have  found  their  graves. 
Of  the  history  of  the  Alps,  after  the  second  great  upheaval  of 
the  chain,  and  of  the  work  done  during  and  since  the  Great  Ice 
Age  I  must  forbear  to  speak  ;  for  to  enter  upon  that  difficult  but 
fascinating  question  would  make  the  length  of  this  paper  compar- 
able with  that  of  an  Alpine  glacier  at  the  period  of  maximum  exten- 
sion. J  Permit  me,  however,  in  conclusion,  to  refer  once  more  to  the 
physical  history  of  the  Alpine  chain.  As  it  now  exists  it  is  the 
result,  as  I  have  just  said,  of  two  great  sets  of  movements,  which 
produced  a  group  of  parallel  folds,  curving  round  the  area  now 
drained  by  the  Po  and  its  tributaries ;  the  one  set  dating  from 
the  end  of  the  Eocene,  the  other  of  the  Miocene.  But  the  move- 
ment in  at  least  the  former  case  seems  not  to  have  been  quite 
uniform  or  simultaneous  over  the  whole  area.  The  second 
certainly  produced  the  most  marked  effects  on  the  northern  flank 
of  the  more  central  part  of  the  Alps,  while  it  did  not  greatly  affect 
the  eastern  district.§  The  first  also  commenced  in  the  latter 
district  at  an  earlier  date  than  it  did  further  west.  But  we  must 
not  forget  the  old  saying,  Vixere  fortes  ante  Agamemnona,  There 
were  mountains  here  before  the  Alps.  The  Carboniferous  breccias 
and  conglomerates  indicate  the  existence  of  powerful  streams,  or  in 
other  words,  of  a  mountainous  region  in  the  immediate  vicinity. 
The  character  and  distribution  of  the  Trias  (not  to  mention  any- 
thing of  Permian  age||)  in  the  Central  and  Western  Alps  tells  a 

*  The  well-known  porphyritic  pitchstone  on  Goatfell  ^Arran)  is  a  parallel  case.  Boulders 
aljK>  of  the  smaragdtte-euphodite  of  the  Allalin  Glacier  are  extremely  abundant  in  the  upper 
part  of  the  Saasthal,  yet  comparatively  little  of  that  rock  is  now  exposed. 

t  That  the  watershed  of  the  Alps  has  advanced  northward  I  have  lone  maintained,  but  to 
grant  on  that  account  the  poNsibility  of  the  above  change,  would  be,  indeed,  allowing  an  ell 
to  be  taken  because  an  incn  was  ^iven. 

X  The  questions  of  the  formation  of  cirques,  valleys,  and  the  erosive  action  of  glaciers, 
especially  in  regard  to  the  origin  of  the  Alpine  Lakes,  were  discussed  in  papers  published 
in  the  Qitan.  J<mm.  Geol.  Soc.^  between  1871  and  1874,  vol.  xxvii,  p.  31a,  vol. 
xjcix,  p  783,  vol.  XXX,  p.  A79.  See  also  Gtol.  Mag.^  1871^  p.  535.  The  Physical  Geography 
of  the  Alps  also  formed  the  subject  of  three  lectures  delivered  at  the  Royal  Institution  and 
published  in  the  Alpine  Journal^  vol.  xiv,  pp.  38,  105,  331. 

§  Stc  Ai/fnejtmmalf  xW^  pp.  iiyii-;. 

'j  The  common  absence  of  which  is  of  course  significant.  For  a  fuller  discussion  of  this 
subject  see  Alpine  Jonrnmlt  xiv,  45*47  ;  see  also  Id ,  xo6,  toy. 

March,  1897.]  2 
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similar  story.  But  there  is  another  and  not  less  strong  proof 
that  mountain  masses  existed  where  the  present  Alps  stand, 
in  and  before  these  periods.  Mountain  ranges  are  the  result 
of  great  folding  movements  of  the  earth^s  crust,  and  these 
movements  are  inscribed  upon  the  rocks  in  the  form  of  contor- 
tions, cleavage,  and  sheen-surfaces.  But  the  fragments  in  the 
breccias,  both  of  Triassic  and  of  Carboniferous  age,  exhibit  all 
these  structures  hardly  less  conspicuously  than  the  crystalline 
masses  themselves  in  the  immediate  neighbourhood.*  No  doubt 
the  Tertiary  earth  movements  were  on  a  vast  scale,  for  they 
have  sufficed  to  produce  a  very  marked  cleavage,  occasionally 
even  some  microfoliation,  in  the  masses  of  Secondary  rock,  but 
the  Archaean  and  probably  the  Palaeozoic  rocks  were  cleaved  at  a 
still  earlier  date.  But  the  cleavages  in  all  these  rocks  are  often 
parallel,  as  if  they  were  due  to  one  and  the  same  set  of  move- 
ments. Does  this  mean  that  the  first  effect  of  a  long-continued 
and  gradually  increasing  pressure,  if  it  act  in  a  new  direction,  is 
to  obliterate  the  cleavage  structure  which  has  been  produced  by  an 
earlier  one,  or,  in  other  words,  that  a  rock,  once  fissile,  becomes 
coherent  and  finally  splits  in  another  direction  ?  I  think  this  may 
be  not  impossible,  but  will  not  venture  to  speak  more  strongly. 
Certainly  a  study  of  the  microscopic  structure  of  the  older 
crystalline  rocks  in  the  Alps  leads  me  to  suspect  that  their 
history  has  often  been  a  complex  one ;  but  for  this  reason  I  must 
not  now  attempt  to  discuss  it,  since,  apart  from  the  fact  that  your 
patience  must  be  already  exhausted,  my  investigations  are  not 
yet  completed. 


Quart,  Jonm  Geol.  Soc  ,  xlv   1880),  pp.  99-102;  xlvi  (1890),  p  209. 
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I.— INTRODUCTION. 

a.  Foraminifera  previously  recorded. 

HE  Foraminifera  hitherto  recorded  from  the  Thanet  Beds 
of  this  country  are  but  few  in  number.  The  following 
lists,  so  far  as  we  are  aware,  include  all  the  species  that  have  been 
noted.  Eliminating  synonyms  there  are  thus  at  present  eleven 
known  species,  or  varieties. 

Cristellaria  calcar,  Linn.,  var.  platypleura^  Jones 
Nodosarina    (Cristellaria)    italica^    Defr.  (=  C 

we  therein,  Jones) 
*Nodosarina   (Aodosaria)   raphanistrum,   Linn. 

(=  iV.  bacillumy  Defr.) 
Planorbulina  (Truncatulina)  lobatula,  W.  and  J. 

(-  Rosalina  maria,  Jones) 
Polymorphina  lactea,  W.   and  J.  (=  /I  ampulla, 

Jones,  and  Globulina  of  authors) 
Eotalia  beccarii?  Linn  (?  =  Rosalina) 

•  In  the  Monograph  Crag  Foram.,  pt.  iii,  Pal.  Soc.,  1896,  p.  ax8,  the  allocation  of  thik 
species  to  the  Thanet  bands  is  con&idered  doubtful. 

March,  1897.] 
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Polymorphina  gibha^  d'Orb.  (ampulla^  Jones)        ^ 

Nodosaria  acicula^  Lamk.  Cat  Foss. 

Cristellaria  italica^  Defr.  (var.  wetherellii,  Jones)  I         Foram. 

„  cuitratay{}AoniL)  {piatypieura,  lonts)  I  Brit.  Mus,^ 

Truncatulina  lobatula^  (W.  and  J.)  (var.  maria^  1882,  p.  19. 

Jones)  J 

Cristellaria  crepiduia^{¥ ,2ir\d  M.)  var.//7we?,d'0rb.  ^  p    ,      p  ^ 

„      var.»a«i7/f5    Born.l  ^rit.  Mus! 

y^T.  simplex  d  Orb.  V  ^^,  ^.^^ 
\2iX. protracfa y aoxr\,  \  /MS  ^ 

Nodosaria  farcimen  (Soldani)  '  v       •/ 

These  species  are  all  from  Pegwell  Bay,  and  are  not  recorded 
from  other  localities,  with  the  single  exception  that  Nodosaria 
raphanistrum  has  also  been  met  with  at  Goodnestone,  east  of 
Faversham,  but  the  reference,  as  already  mentioned,  is  doubtful. 

The  few  species  which  have  been  recorded  not  having  been 
assigned  to  their  proper  horizons  in  the  Thanet  series,  it  seemed 
to  us  desirable  that  a  more  careful  examination  should  be  made 
of  the  several  beds  of,  at  least,  some  one  typical  section,  in  order 
that  the  known  species  should,  if  possible,  be  properly  located, 
and  others  added. 

b.  Section  at  Pegwell  Bay, 

Pegwell  Bay  affords  by  far  the  best  exposure  of  the  Thanet 
Beds.  It  is  quite  clear  in  its  section,  and  not  liable  to  serious  mis- 
interpretation ;  and  it  does  not  include  the  risk  of  containing  an 
admixture  of  recent  species,  washed  in  from  the  sea,  as  is  in  part 
possible  with  the  lower  beds  at  Heme  Bay  and  Reculvers.  We 
were  also  induced  to  select  this  section  as  Mr.  Percy  Emary  had 
kindly  supplied  us  with  a  sample  of  one  of  the  lower  beds  (F) 
which  proved  to  be  rich  in  Foraminifera. 

To  avoid,  as  far  as  possible,  all  chance  of  error,  we  did  not  trust 
to  old  material  already  in  our  possession  from  Pegwell  Bay,  but 
visited  the  section,  and  selected  specimens  from  each  of  the  beds. 
The  result  of  the  detailed  examination  of  these  specimens  will 
be  dealt  with  in  due  course,  but  before  discussing  them  we  will 
briefly  describe  the  section  at  Pegwell. 

The  beds  form  low  cliffs  (Fig.  1)  and  stretch,  broadly 
speaking,  from  north-east  to  south-west,  dipping  very  slightly  to  the 
south-west.  They  rest  upon  the  Upper  Chalk  (zone  of  Micraster 
cor-anguinum)  at  the  Broadstairs,  or  north-east,  arm  of  the  Bay, 
and  show  the  vertical  section  given  on  p.  22. 

Some  discussion  has  been  waged  over  this  section,  both  with 
regard  to  its  actual  thickness  and  as  to  the  interpretation  to  be 
placed  upon  the  age  of  some  of  the  beds. 

The  bed  A  has  particularly  been  the  subject  of  inquiry  with 
regard  to  its  geological  position.     Mr.  J.  Starkie  Gardner,  in  his 
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pape  on  the  Lower  London 
Te  la  es  •  gives  a  section  differ- 

ng       raenhat   from  that  shown 

n  he  Survey  Memoirs.  In  the 
S  rvey  ection  this  bed  is  de- 
bed  as  "  Light-brown  loam, 
o  en  w  h  flints  and  bits  of  chalk 
a  he  bottom,  sometimes  a  few 
b  a  k  fl  nt  -  pebbles  and  shells 
washed  ut  of  the  Thanet  Sand 
be  w 

M  Gardner  in  the  paper 
a  uded  o,  on  the  other  hand, 
d     d        his   bed    into  two  por- 

ons    an   upper  of  Drift   Loam 

nd  a  ower  of  Buff  Clayey  Sand 

w  h  b  a  k  pebbles  at  the  base, 

d  he     ates  on  the  plate  thai 

he  a  named  bed  is  not  noticed 
by  h  Prestwich  f  or  the  Sut- 
n  the  latest  edition  of  the 
Surv  \ftmoirs%  Mr.  Whittaker 
de  ome  attention   to    this 

que     0     and  says :  "  One  of  the 
on      given    [by    Mr,    J.    S. 
Ga  dne  ]  for  including  the  Sand 

ha   h      been  mapped  as  belong- 

g  Woolwich  Series  in  East 

k  h    the    Thanet    Beds   is 

ba    d        a  mistake.     The  author 

a        ha    '  at  PegwelJ   a  layer  of 

b  a      fin    pebbles  occurs  in  what 

a  knowledged    to   be   Thanet 

S  nd        The  layer  in  question  is 

ea  y  the  base  of  the  Drift 
B  kearth,  and  has  not  been 
a  k  dged  to  belong  to  any- 

h  g  e  ;  Mr.  Gardner  indeed 
h  m  e         fers   this    in   his    plate, 

ho  gh    only    saying    'apparently 

d  as  Drift.'    The  statement 

(on     h     plate)  that    it   is   'not 

men  oned      by     Prestwich      or 
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Fig.  I.— Vertical  Section  of  the  Cliff  at  Pecwell  Bav. 

^  Vegttable  tKih,  reddiib  brown. 
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the  Survey'  is  incorrect,  for  it  has  been   mentioned  by  both 
as  Drift/' 

From  the  Drift  bed  A  to  the  base  of  the  Thanet  Series  at 
Pegwell  Bay  the  section  is  quite  clear ;  but  the  green-coated 
flint-bed  G  has  been  the  subject  of  considerable  controversy,  both 
as  to  its  origin  and  as  to  whether  it  should  be  classed  with  the 
Thanet  Beds  or  with  the  underlying  chalk. 

Mr.  Dowker*  suggested  that  the  green-coated  flint- bed  was 
due  to  sub-aerial  denudation  of  the  chalk  before  the  deposition  of 
the  Thanet  Beds. 

Mr.  J.  S.  Gardnerf  contends  that  as  the  Thanet  fauna  was 
deposited  within  the  Laminarian  Zone  [low  water  to  15  fathoms] 
the  peculiar  green  tint  was  probably  caused  by  the  sea-weed  in 
which  the  flints  were  imbedded. 

Mr.  WhitakerJ  summarises  the  various  views  which  have 
been  expressed  by  the  authors  already  mentioned,  by  Prof. 
Morris,  Prof.  T.  McKenny  Hughes,  and  others,  and  comes  to  the 
general  conclusion  that  the  green-coated  bed  is  due  to  the 
removal  of  chalk  by  chemical  action,  either  before,  but  more  pro- 
bably subsequent  to,  the  deposition  of  the  Thanet  Sand ;  and 
that  during  that  time  the  flints  also  received  their  coating  of 
silicate  of  iron. 

As  with  the  age  of  the  beds,  so  with  their  relative  thickness 
close  agreement  is  not  to  be  found. 

The  bed  A  is  stated  by  Mr.  Gardner  to  be  12  feet  thick.  We 
notice  that  it  is  somewhat  variable  in  its  dimensions,  the  upper 
division  varying  from  5  to  6  feet,  and  the  lower  from  6  to  7  feet, 
so  that  in  places  it  measures  at  least  13  feet. 

The  beds  B  and  C  taken  together,  when  measured  by  the 
Survey,  showed  12  to  15  feet  thick;  Mr.  Gardner  computes 
them  at  10  feet,  and  we  consider 'they  vary  from  12  to  19  feet. 
This  apparent  discrepancy  can  be  readily  explained.  The  beds, 
no  doubt,  are  variable  in  themselves,  and  it  depends  to  some 
extent  upon  tlie  position  in  which  they  are  measured,  and  upon 
the  diflerent  conditions  pertaining  at  different  periods,  con- 
sequent upon  the  cutting  back  of  the  cliffs.  Bed  B  is  certainly 
variable,  in  our  view  ranging  from  8  to  15  feet,  while  C  is  more 
constant  and  averages  3  feet  6  inches  to  4  feet. 

With  the  beds  D  and  E  there  is  a  similar  divergence  in  the 
measurements.  By  the  Survey  they  are  stated  together  to  be 
40  feet  thick,  Mr.  Gardner  assigns  49  feet  as  the  thickness,  and 
we  are  inclined  to  consider  that  bed  D  alone  is  40  feet  thick, 
making  a  total  for  beds  D  and.E  of,  say  55  feet. 

Bed   F  when  measured  by  the  Survey  showed  9  feet,  and 


*  G€oL  Mag.^  vol.  iii,  1866,  pp.  210,  339. 
t  Quart.  Joum.  GeoL  Soc  ,  vol.  xxxix,  1883,  p.  202. 

X  Hem.  G40L  Sun/.  (Geology  of  London),  vol.  i,  1889,  pp.  104-106,  and  Mem.  Gcol.  Surv, 
vd.  iv,  1872,  p.  58. 
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when  seen  by  Mr.  Gardner  1 7  feet  thick ;  which  thickness  it 
still  retains. 

The  base  bed  of  dark  clayey  greensand  (part  of  our  bed  F), 
recorded  as  i^  feet  by  the  Survey,  is  included  in  the  above- 
mentioned  17  feet. 

The  following  shows  the  differences  of  measurements  at 
various  times  : 

Survey  J.  S.  Gardner    H.  W.  B.  &  R.  H. 

(1872). 

Drift.  A.         ? 


THANET 

Series. 


(1883). 

(1896). 

12  ft. 

II  ft.  to  12  ft. 

(     7  ft. 

8  ft.  to  15  ft. 

)     3  ft. 

3  ft.  6  in.  to  4  ft. 

i   34  ft. 

40  ft. 

1  IS  ft. 

15  ft. 

17  ft. 

17  ft. 

• 

6  in.  to  9  in. 

In  selecting  our  specimens  we  were  careful  to  take  them,  as 
will  be  seen  by  reference  to  Fig.  2,  so  that  their  exact  position 
might  be  known.  We  measured  up  or  down  from  well  defined 
bands. 

c.  Correlation  of  Thanet  Beds  with  those  of  Belgium  and  France. 

A  few  words  may  be  said  upon  the  correlation  of  the  English 
Thanet  Beds  with  those  of  similar  age  upon  the  continent. 

The  late  Sir  J.  Prestwich,  in  his  paper  on  the  "  Correlation 
of  the  Eocene  Strata  in  England,  Belgium,  and  France,"  *  in 
comparing  the  Thanet  Sands  with  the  Lower  Landenian  says : 
"  There  can  be  no  doubt  of  the  synchronism  of  these  English 
and  Belgian  deposits,*'  and  in  the  classification  he  then  pro- 
posed,t  the  Thanet  Sands  of  England  were  correlated  with  the 
Lower  Landenian  and  Heersian  in  Belgium  and  with  the  sands 
of  St.  Omer,  Douai,  and  the  lower  sands  of  La  Fere  in  France. 

Mr.  G.  F.  Harris  dissents  somewhat  from  this  view  of  the 
correlation.  He  had  previously  pointed  out  %  that  the  Landenian 
Beds  overlie  the  Heersian,  and  that  the  Lower  Landenian  has 
a  fauna  quite  unlike  that  of  the  Thanet  Beds ;  so  that  while 
admitting  the  Lower  Landenian  to  be  in  part  equivalent  to  the 
Thanet  Beds,  he  is  inclined  to  think  they  also  represent  newer 
beds.  He  regards  the  Heersian  Beds  as  the  true  equivalents  of 
the  Thanet  Beds  and  the  **  beds  which  entomb  the  Gelinden 
flora,  homotaxial  with  the  lower  part  of  our  Thanet  Beds." 

d.  Foraminifera  of  Foreign  Beds  of  Thanet  Age, 

The  Foraminifera  of  beds  of  this  period  appear  to  have 
received  but  scanty  attention  upon  the  continent.     In  a  letter  to 

•  Quart.Joum.  Geol.  Soc-^  vol.  xliv,  188B,  p.  91. 

f  O^.  cit.,  p.  108. 

X  Geol.  Ma£i  Decade  iii,  vol  iv,  1887,  j^.  zzo,  Z2t. 
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US  on  the  subject  in  answer  to  our  inquiries,  M.  Gustave  Dollfus 
says  that  no  author  has  yet  to  his  knowledge  noted  any  Forami- 
nifera  in  the  Thanet  Sands  of  the  Paris  Basin.  He  doubts  if 
they  have  hitherto  been  properly  sought  for,  but  in  any  event  he 
believes  them  to  be  very  rare. 

M.  Dollfus  has  himself  carefully  studied  the  fauna  of 
the  Sables  glauconieux  inferieur^  and  has  only  found  a  single 
species  of  Foraminifera,  which  he  refers  to  Rosalina  maria^ 
Jones. 

At  Chilons-sur-Vesle  there  are,  if  his  memory  serves  him 
rightly,  some  Polymorphina,  but  the  subject  generally  has  been 
neglected  in  France. 

M.  Dollfus  also  informs  us  that  some  Radiolaria  have  been 
recorded  from  the  Tufeau  de  la  Fire  (zone  of  Arctica  tnorrisit) 
but  no  Foraminifera  were  apparently  met  with. 

With  regard  to  Belgium,  M.  £.  Van  den  Broeck  is  good  enough 
to  inform  us  that  no  lists  of  Foraminifera  have  yet  been  published 
of  either  the  Heersian  or  of  the  Landenian  Beds.  The  Rhizopodal 
fauna  is,  however,  rich  in  individuals,  if  not  in  species,  particularly 
of  the  genera  Dentalina^  Frondicularia^  and  Marginulina  among 
others.  It  would  be  interesting  to  compare  the  fauna  of  the 
Belgian  deposits  with  that  of  our  own  beds,  and  M.  Van  den  Broeck 
has  kindly  promised  to  forward  us  some  material  which  will,  we 
trust,  enable  us  to  institute  a  comparison  at  a  later  date. 


II.— LITHOLOGICAL  AND  PAL^.ONTOLOGICAL 
CHARACTERISTICS  OF  THE  SEVERAL  BEDS 
AT    PEGWELL   BAY.* 

Bed  A,  Drift,  Specimen  i. — A  pale-brown,  fine  grained 
sandy  loam,  with  a  scattered  band  of  greenish-black  dint  pebbles 
at  the  base.  The  larger  grains  are  principally  fragments  of 
moUusca,  and  sub-angular  and  well-rounded  grains  of  quartzose 
sand,  cemented  in  part  into  small  concretionary  masses  by  an 
oxide  of  iron.  A  very  large  proportion  (84  per  cent.)  of  the  bed 
is  composed  of  very  small  angular  and  sub-angular  quartzose 
sand,  with  some  flakes  of  mica  and  a  few  grains  of  glauconite. 
Organic  remains  are  generally  scarce.  Our  washings  yielded  : 
a  small  otolith^  numerous  fragments  of  moUusca,  one  Ostracod 
valve,  which  Professor  T.  Rupert  Jones,  who  kindly  helped  us 
with  the  Ostracoda  throughout,  considers  to  be  near  to  Cythereis 
howerbankiana^  a  few  spines  of  Echinoidea,  and  still  fewer  spicules 
of  Tetractinellid  sponges. 

The  Foraminifera  are  not  well  represented  in  this  bed,  with  the 

*  Not*. — The  specimens  i  to  x^  inclusive  were  taken  from  each  bed  at  various  levels,  as 
indicated  \rf^  the  small  numerals  on  the  section,  Fig.  3.  A  table  showing  the  size  of  com- 
ponent particles  and  amooat  of  insoluble  residtie  is  appended,  p.  30. 
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exception  of  two  species,  which  are  rather  common.  These  are  the 
arenaceous  form,  Astrorhiza  arenaria,  and  the  hyaline  Truncatulina 
akneriana.  The  other  species  of  Foraminifera  are  rare,  but  it 
should  be  noted  that  the  forms  met  with  are  such  as  are  now 
abundant  in  high  latitudes,  though  they  are  not  confined  to 
northern  waters. 

Bed  B,  Specimen  2. — Colour  a  pale  fawn.  This  bed  is 
principally  formed  of  rather  angular  and  splintery  grains  of 
quartzose  sand  of  very  small  size,  cemented  in  part  into  concre- 
tionary masses  with  carbonate  of  lime.  The  minute  granules  of 
sard  are  in  many  cases  cemented  to  the  entombed  organisms, 
which  are  not  so  rare  as  they  appear  to  be  at  first  sight ;  but  it  is 
difficult  to  extract  recognisable  species.  MoUusca,  represented 
in  our  gatherings  by  fragments  only,  are  not  rare.  The  Ostracoda 
are  represented  by  two  species,  probably  referable  to  Cythereis 
bmverbankiana  1  and  Cytheridea  papulosa.  Spines  of  Echinoidea 
are  rather  common,  and  spicules  of  Tetractinellid  sponges  and  of 
Alcyonarian  corals  not  rare.  Some  minute  ovoid  bodies  in  this 
specimen  particularly  attracted  our  attention,  and  we  submitted 
them  to  Dr.  G.  J.  Hinde.  As  these  organisms  are  abundantly  dis- 
tributed throughout  the  material  we  have  collected  at  Pegwell 
Bay  we  venture  to  quote  the  remarks  upon  them  which  Dr. 
Hinde  was  good  enough  to  favour  us  with.  He  says :  **  The 
small  ovoid  bodies  from  the  Thanet  Sands  of  Pegwell  Bay  are 
detached  dermal  spicules  of  siliceous  Tetractinellid  sponges 
belonging  to  the  genus  Geodia  probably.  These  sponges  have  a 
thick  outer  crust  composed  of  the  same  kind  of  microscopic 
bodies  as  in  your  slide.  The  spicules  are  made  up  of  numerous 
diverging  fibres  starting  from  a  centre,  and  their  heads  project 
slightly  beyond  the  general  surface  of  the  spicules  like  the  heads 
of  so  many  pins  on  the  outside  of  a  pincushion.  There  is  a 
small  round  smooth  spot  in  each  where  the  animal  filament  was 
attached  which  held  them  in  position  when  the  sponge  was  alive. 
They  vary  in  size  and  form  in  different  species  of  the  genus  and 
even  in  the  same  specimen.  Some  are  round,  nearly,  others 
ovoid  or  reniform.  They  occur  detached  in  most  deposits  where 
siliceous  sponges  are  present.  ...  In  some  of  the  fossil 
forms  the  central  portions  are  dissolved  or  removed,  and  give  rise 
to  the  apparent  air-bubble  which  you  refer  to  in  your  specimens. 
No  alteration  in  other  respects  have  gone  on  in  yours ;  they 
still  remain  in  their  opalized  condition,  giving  no  colours  in 
polarized  light  between  crossed  nicols  ;  those  in  the  chalk  are 
now  usually  chalcedonic  or  wholly  crystalline.  The  body  spicules 
of  these  Geodia  sponges  consist  of  needle,  fusiform  spicules,  and 
trifid  spicules."  Dr.  Hinde  also  favoured  us  with  drawings  of 
similar  spicules  of  Geodia  from  the  upper  chalk  of  Norwich  and 
of  Westphalia,  and  of  Geodia  japonica^  recent  from  Japan,  by 
which  it  would  seem  that  the  spicules  from  Pegwell  Bay  are  rather 
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larger  than  the  recent  species,  and  somewhat  smaller  than  those 
from  the  cretaceous  beds  referred  to. 

In  the  finest  washings  from  this  Bed  we  notice  a  few  Radio- 
laria,  more  or  less  fragmentary,  but  probably  belonging  to  the 
genus  Ccenosphara, 

The  Foraminifera  are  of  few  species,  and  very  rare,  with  the 
exception  of  Textilaria  sagittula  and  Nodosaria  oMiqua^  which 
are  rather  common. 

Bed  B,  Specimen  j.  This  specimen  is  very  similar  to  the  last 
described,  hut  the  sand-grains  are  more  compacted  into  concre- 
tions. Glauconite  is  not  rare.  Organic  remains  are  very  similar 
to  those  in  specimen  2,  except  that  we  have  not  detected  any 
Ostracoda  or  Radiolaria.  The  common  Foraminifera  are  the  same 
as  in  specimen  2. 

Bed  B,  Specimen  4  (3-inch  shell-band).  A  very  similar 
specimen  to  No.  2,  so  far  as  the  matrix  is  concerned ;  but,  being 
a  shell-band,  fragments  of  moUusca  are  much  more  abundant. 
Other  organic  remains  are  scarce ;  one  valve  of  an  Ostracod, 
Cyiheropieron  sp.,  was  found ;  spicules  of  Pachastrella  and 
Geodia  occur  sparingly,  and  in  the  finest  sediment  after  washing 
a  few  Radiolaria,  probably  Cosnosphara,  The  common  Foramini- 
fera are  as  in  the  other  specimens  from  bed  B;  Trutuatulina 
ungeriana  is,  however,  rather  more  plentiful  than  in  the  other 
gatherings  from  this  bed. 

Bed  C.  Specimen  j.  In  colour  a  dull  earthy  fawn  or  buff, 
composed  of  fine  angular  grains  of  quartzose  sand,  in  part 
cemented  with  carbonate  of  lime.  A  large  proportion  of  the 
grains  quite  clear,  mixed  with  others  stained  with  limonite  or 
other  oxide  of  iron.  Bright  green  grains  of  glauconite  not  rare. 
Organic  remains  are  very  scarce,  principally  fragments  of  mollusca. 
One  valve  of  an  Ostracod,  Cytheridea  papulosa^  was  detected,  with 
a  few  spines  of  Echinoidea  and  spicules  of  Geodia,  The  Forami- 
nifera are  few  in  number.  Poor  and  stunted  specimens  of  the 
following  species,  among  others,  were  met  with :  Textilaria 
sagittula^  Buiimina  ovata^  B,  eiongaia^  Cristellaria  plaiypleura^ 
Truncatulina  ungeriana^  and  Anomalina  grosserugosa. 

Bed  C,  Specimen  6  (6-inch  shell-band).  In  colour  and 
composition  very  like  the  last-described  specimen,  the  large 
particles  being  almost  wholly  fragments  of  mollusca.  Some  of 
the  glauconite  grains  simulate  casts  of  Foraminifera,  showing  a 
lobulated  outline.  In  addition  to  the  mollusca  other  organic 
remains  occur.  We  notice  spines  of  Exhinoidea,  and  several 
specimens  of  Ostracoda,  allied  to,  if  not  identical  with,  Cythereis 
quadrilatera.  The  Foraminifera  are  fairly  abundant ;  indeed 
this  is  one  of  the  richest  beds  in  the  Pegwell  Bay  section  for 
representatives  of  the  Class.  Cristellaria  gibba^  C,  platypleura^ 
and   intermediate  varieties  approaching   C*.  cult  rata     are  very 
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abundant,  together  with  Textilaria  sagittula  and  Nodosaria 
obliqua^  while  Truncatulina  ungeriana  and  Anomalina  grosseru- 
gosa  are  rather  common.  A  fair  number  of  other  species 
occur,  but  individually  they  are  more  rare. 

Bed  D,  Specimens  7,  <?,  p,  and  ro.  Each  of  these  specimens 
is  similar  in  colour  and  composition,  being  a  dark  grey,  hard, 
sandy  marl,  breaking  for  the  most  part  with  a  tendency  to 
"  conchoidal "  fracture.  When  the  carbonate  of  lime  is  removed 
the  matrix  is  seen  to  consist  of  very  minute  grains  of  quartzose 
sand,  with  a  few  grains  of  glauconite  and  flakes  of  mica.  For 
the  most  part  these  specimens  are  exceedingly  poor  in  organic 
remains.  Ostracoda  arc  represented  in  specimen  9  by  one  valve 
allied  to  Bythocypris  silicula  ;  Echinoidea  in  each  specimen  by  a 
few  spines ;  Bryozoa  in  specimen  7  by  one  example,  which  Dr.  J. 
W.  Gregory,  who  was  good  enough  to  examine  it,  refers  to  the 
genus  Filisparsa  ;  Radiolaria  by  Canosphisra,  in  specimens  7  and 
8 ;  Sponges  by  spicules  of  Geodia^  sparingly  in  each  specimen ; 
Diatoms  by  very  small  forms  of  Coscinodiscus  in  the  finest  washings 
from  each  specimen. 

The  Foraminifera  are  not  well  represented  in  any  of  the 
specimens.  The  most  common  are  Bulimina  ovata  and  B, 
elongata^  Textilaria  sagittula,  Truncatulina  ungeriana,  Anomalina 
grosserugosa,  and  a  variety  of  Pulvinulina  exigua  (var.  obtusa, 
nov.) 

Bed  E,  Specimen^  11,  12,  and  13.  It  is  only  in  the  mass 
that  this  bed  differs  from  Bed  D,  as  it  is  more  shaly  and  mottled 
with  iron  and  decomposing  pyrites  or  marcasite.  Each  of  the 
samples  examined  presents  much  the  same  microscopic  characters 
as  those  of  Bed  D,  except  that  there  are  many  particles  of  ferru- 
ginous material  and  more  abundant  glauconite,  especially  in  No. 
13.  Organic  remains  are  again  very  scarce,  Echinoidea,  Radio- 
laria, Spongida,  and  Diatomaceae  being  represented  as  in  Bed  D, 
and  very  sparingly.  The  Foraminifera  are  rare,  with  the  excep- 
tion of  Bulimina  ovata  and  B.  elongata.  Among  the  rarer  forms 
may  be  noted  Ammodiscus  incertus^  Chilostomella  ovoidea,  Cris- 
tellaria  arcuata,  Cristellaria  platypleura^  Pullenia  sphceroides,  P, 
quinqueloba,  and  others  as  tabulated. 

Bed  F,  Specimen  1 4.  This  sample  is  a  dark  grey,  hard,  sandy 
marl,  breaking  with  a  "conchoidal"  fracture.  The  colour  is 
rather  darker  than  in  Bed  E,  and  it  has  in  consequence  been 
called  "  the  black  band,"  by  Dr.  A.  Rowe.  In  composition  it  is 
very  similar  to  the  gatherings  from  Bed  E,  very  finegrained 
quartzose- sand,  cemented  by  carbonate  of  lime.  The  fauna  of 
this  bed  is,  in  many  respects,  the  richest  we  have  met  with  in  the 
Thanet  Beds  of  Pegwell  Bay. 

Sponges  are  represented,  as  in  other  gatherings,  by  ovoid 
spicules  of  Geodia ;  Radiolaria,  though  the  specimens  are  small 
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and  rare,  by  Canosphara^  Stylosphara  and  Ceratospyris  \  and 
Diatomacese  by  the  genera  Triceratium^  Coscinodiscus^  and  Om- 
phaloptlta.  Some  of  the  specimens  of  the  two  last-named  genera 
are  large  and  well  developed  examples,  and  it  is  interesting  to 
note  that  they  are  comparable  with  some  Diatoms  recorded  from 
the  London  Clay  by  VV.  H.  Shrubsole  and  F.  Kitton*  ;  and,  like 
the  species  recorded  by  those  authors,  occur,  not  in  the  siliceous 
condition,  but  as  pseudomorphs  in  dark  brown  glistening  iron- 
pyrites.  The  Foraminifera  are  abundant,  and  the  bed  is  parti- 
cularly rich  in  the  large  ensiform  varieties  of  Cristellaria  crepidula^ 
figured  on  Plate  I.  More  common,  but  not  so  conspicuous  by 
reason  of  their  small  size^  are  Bulimina  elongata^  and  the  new 
variety  of  Pulvinulina  exigua.  Among  the  rarer  species  may 
be  noted  Ammodiscus  incertuSy  Dentalina  communis^  Nodosaria 
^arcimen,  and  PuUenia  quinqueloba. 

Bed  F.  Specimen  /f,  from  near  the  base  of  the  Thanet 
Series,  is  composed  of  a  pale  fawn-coloured  sand,  of  exceedingly 
fine  grain,  sharp  and  angular,  stained  with  limonite  or  other  iron 
salt.     We  have  failed  to  detect  a  trace  of  any  organic  remains. 

Bed  R  Specimen  i6.  This  is  often  referred  to  as  the 
"  greensand-bed,"  and  its  lithological  characters  have  been  dis- 
cussed at  length  by  Miss  M.  J.  Gardiner,t  who  shows  that  the 
principal  component  minerals  are  quartz,  about  45  per  cent, 
flint  in  angular  chips,  20  per  cent,  with  a  fair  proportion  of 
glauconite ;  which  is,  however,  less  well-developed  than  in  most 
greensands. 

In  addition  to  the  minerals  already  referred  to.  Felspar, 
Zircon,  Rutile,  Tourmaline,  and  other  rarer  minerals  are  also 
found  in  this  bed.  Miss  Gardiner  obtained  casts  ot  Foraminifera, 
"probably  of  the  genera  Planorbulina  and  Textilaria,^^  We 
have  not  been  so  fortunate  as  to  detect  any  with  certainty,  but 
the  lobulated  character  of  many  of  the  glauconite  grains  suggests 
a  Foramini feral  origin. 

The  siliceous  spherical  (or  ovoid)  spicules  of  Geodia  are 
alluded  to  in  Miss  Gardiner's  paper,  but  they  are  erroneously, 
though  with  doubt,  referred  to  the  Radiolaria  or  Diatomacese. 

Bed  G.  Specimen  ly,  (Bed  of  green  coated  flints.)  This 
bed  calls  for  but  little  remark  ;  it  is  chiefly  composed  of  broken, 
angular,  and  splintery  fragments  of  flint,  green  coated  in  part,  with 
many  grains  of  glauconite  and  other  minerals,  more  or  less 
cemented  by  ferruginous  material. 

We  have  only  detected  a  few  specimens  of  Foraminifera  after 
a  long  search,  and  they  are  referable  to  cretaceous  species ; 
particularly  Textilaria  gbbuhsa^  Bulimina  pirula^  Globigerina 
cretacedy  and  some  poor  Truncatulince, 

•  J<mm.  R§y.  Micro  Soc.t  i88i,  p.  381,  |>1.  v. 

t  Qumrt.  J9nm.  Cfoi,  Soc.f  1888,  vol.  xhv,  pp.  755*760. 
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Table  showing  amount  of  insoluble  residue  and  size  of 
component  particles  of  specimens  of  the  Various  Beds  at  Pegwell 
Bay. 


Bed. 


A. 
B. 

»» 

»» 
C. 

D. 

•I 

»» 

ti 
E. 

»i 

•» 

F. 

}t 

11 

G. 


No  of 

Percentage 

Specimen. 

of  Insoluble 

Residue. 

I 

So'oo 

2 

— 

3 

So'oo 

4 

— 

5 

— 

6 

84*00 

7 

— 

8 

— 

9 

8200 

10 

— 

II 

— 

12 

88-00 

13 

— 

14 

64*00 

15 

^^^ 

i6 

— 

17 

9000 

Percentage  amount  of  Residue  on  Meshes. 
Viy  inch. 


^,  inch. 


20 

05 
9*o 

190 

7*o 

00 

24*0 

19*0 

257 
30*0 
150 
190 
70 
80 

I3'0 
80 

20.0 


Less  than  1^7-,  inch. 


7U 


140 
50 
48-5 
600 
24*0 
5*0 
47*0 

59-0 
529 

S50 
62*0 
56*0 
520 

45 -o 
190 

420 
480 


84*0     Drift. 

94*5'^ 
42*5 

2ro 

690 

950 

29*0 

22  o 

21*4 

150 

23*0 
25*0 
41*0 

470 

68-0 
50*0 


Thanet 
Series. 


32*0 


I  Bed  of  green- 
/   coa»ed  flints. 


Note. — AH  molluscan  fragments  above  3'^  inch  sifted  off. 


III.— THE     FORAMINIFERA. 

In  a  review  of  the  Foraminifera  from  the  Pegwell  Bay  Section, 
one  of  the  most  striking  features  is  the  entire  absence  of  the  por- 
cellanous  type.  We  have  not  been  able  to  find  a  single  specimen 
nor  even  a  cast  in  glauconite.  It  is  noteworthy  that  the  whole 
Cretaceous  system  which  precedes  the  Thanet  series  in  time 
shows,  so  far  as  it  has  been  at  present  worked  out,  great  poverty 
in  forms  of  this  type.  M.  Berthelin*  reports  the  entire  absence 
of  porcellanous  Foraminifera  from  the  beds  of  L'Etage  Albien  de 
Montcley.  Mr.  Chapman  recordst  a  very  limited  and  sparsely- 
represented  number  of  species  from  the  Gault  of  Folkestone. 
The  same  author  found  the  Forcellanea  exceedingly  rare  in  the 
(Neocomian)  Bargate  Beds  of  Surrey,  and  equally  so  in  the 
Phosphatic  Chalk  of  Taplow.J  Messrs.  Burrows,  Sherborn,  and 
Bailey  met  with  very  few  specimens  in  the  Red  Chalk  of  Speeton.g 
Not  one  specimen  is  recorded  in  d*Orbigny's  paper  on  the  Craie 
Blanche; II  and  the  family  is  altogether  absent  from  Mr.  Joseph 

•  Mtm.  Soc.  Geol.  France^  1880,  Ser.  3,  Tom.  i,  p.  17. 

t  Joum.  Roy.  Mic.  Soc.^  1891,  pp.  572-575. 

X  Quart.  Joum.  Geol,  Soc.  1892,  vol.  xlviii,  p.  516. 

i  Joum.  Roy.  Mic.  Soc.^  1890,  pp.  551*552. 

II  Mem.  Soc.  Geol.  Fratwe^  2840,  Tom.  r,  Part  i. 
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Wright's  list*  of  the  Foraminifera  from  the  Chalk  of  the  North  of 
Ireland  ;  and  also  (save  for  one  undetermined  specimen)  from  the 
collection  of  Cretaceous  Foraminifera  in  the  British  Museum.t 
Other  workers  on  Cretaceous  Foraminifera — Reuss,  for  example — 
have  noted  a  similar  absence  of  the  Porcellanea. 

On  the  other  hand,  the  Spiroloculina  in  particular  have  been 
found  abundantly  by  MM.  Terquem  and  Berthelin  in  the  beds 
of  the  Middle  Lias  at  d*Essey-les-Nancy  {Mem,  Soc.  GeoL  France^ 
1875,  Ser.  2,  Tom.  x),  and  there  are  records  by  other  authors 
of  the  occurrence  of  Spiroloculina  and  other  genera  of  the 
Porcellanous  type  in  beds  of  pre-cretacean  age. 

Family  LITUOLIDiE. 

Sub-Family  Trochammininse. 

AMMODISCUS,  Reuss. 

I.  Ammodiscus  incertus  (d'Orb.). 

Operculina  inceria^  d'Orb ,  Foram,  Cuba^  1839,  p.  71,  PI.  vi, 
Figs.  16,  17;  Trochammina  incerta^  Haeusler,  1882,  Ann,  Mag, 
Nat,  Hist,  Ser.  5,  vol.  x,  p.  54,  PL  iii,  Fig.  6;  Ammodiscus 
incertus,  Brady,  Report  Chaii.,  vol.  ix,  1884,  p.  330,  PL  xxxviii, 
Figs.  1-3. 

The  specunens  of  A,  incertus  from  Pegwell  Bay  are  of  the 
elliptical  variety,  and  not  unlike  Fig.  6  of  PL  III  in  Haeusler's 
paper  above  referred  to.  They  are  small,  very  fine  in  texture, 
pure  white,  generally  smooth,  and,  under  a  low  power,  have  a 
strong  resemblance  to  Cornuspira,  Specimens  were  found  only 
in  Beds  D,  E,  and  F,  and  always  rarely.  The  largest  specimen 
was  from  Bed  D,  but  it  was  somewhat  abnormal  in  growth — being 
more  than  usually  compressed,  and  having  a  somewhat  angular 
periphery. 

Family  TEXTILARID-ffi. 

Sub-Family  Textilarinse. 
TEXTILARIA,  Defrance. 

2.  Textilaria  sagittula,  Defrance. 
PL  II,  Fig.  10. 

T,  sagittula,  Def.,  1824,  Diet,  Sci,  Nat.,  vol.  xxxii,  p.  177; 
voL  liii,  p.  344 ;  Atlcis  Conch,,  PL  xiii.  Fig.  5  ;  Brady,  Report 
ChalL,  1884,  vol.  ix,  p.  361,  PL  xlii,  Figs.  17,  18. 

This  form  calls  for  little  remark  save  as  to  its  range.     In  the 

•  CtU.  Foss,  Foram.  Brit.  Mus.^  p.  89. 
t  Op,  cit.,  p.  86. 
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Pegwell  Beds  it  seems  to  make  its  appearance  first  in  the  upper 
part  of  Bed  E,  where  we  found  it  rarely.  In  Bed  D  it  is  less 
rare  ;  in  Bed  C  common  ;  and  very  common  in  Bed  B.  All  the 
specimens  are  of  about  the  average  size,  and  of  the  usual 
texture;  but  the  final  chambers  are  rather  more  largely  grown 
than  in  typical  specimens. 

Sub-Family  Bulimininsc. 

BULIMINA,  d'Orb. 

3.  Bulimina  ovata,  d'Orb. 

PL  II,  Fig.  II. 

B,  ovattty  d'Orb.,  For,  Foss,  Viennt^  1846,  p.  185,  PI.  xi, 
Figs.  13,  14 ;  Brady,  Report  ChaiL,  1884,  p.  400,  PI.  1,  Fig.  13. 

4.  Bulimina  elongata,  d'Orb. 
PI.  II,  Fig.  12. 

B,  elongata,  d'Orb.,  For,  Foss,  Vienne,  1846,  p.  187,  PL  xi, 
Figs.  19,  20 ;  Brady,  Report  Chail.,  1884,  p.  401,  PL  li..  Fig.  i. 

These  Bulimince  are  among  the  most  noticeable  forms  in  our 
gatherings  from  Pegwell  Bay.  The  range  of  the  two  species 
extends  throughout  the  series  of  beds,  but  B,  elongata  occurs 
plentifully  in  Bed  F,  where  we  did  not  find  its  fellow,  and 
B,  ovata  is  met  with  rarely  in  Bed  B,  while  our  specimens  of 
B,  elongata  were  not  obtained  higher  than  Bed  C.  Both  species 
are  common  in  Bed  E.  In  Bed  D,  B,  ovata  is  rather  common, 
and  B,  elongata  rare ;  and  in  Bed  C  both  species  are  rare. 

BOLIVINA,  d'Orb. 

5.  Bolivina  senariensis  (Costa). 

Brizalina  anariensis  Costa,  1856,  Atti  delP  Accad,  Pont,, 
vol.  vii,  p.  297,  pi.  XV,  fig.  I  ;  Bolivina  anariensis,  Brady,  Report 
Chall,  1884,  voL  ix,  p.  423,  pL  liii,  figs.  10  and  11. 

One  very  small  example  was  found  in  the  6-inch  shell-band  of 
Bed  C.  So  far  as  is  known,  the  "  species "  in  recent  seas  is 
confined  to  comparatively  shallow  waters.  As  a  fossil  we  believe 
it  has  not  previously  been  recorded  from  deposits  older  than  the 

Aliocene 

Family  CHILOSTOMELLID-ffi. 

CHILOSTOMELLA,  Reuss. 

6.  Chilostomella  ovoidea,  Reuss. 

C,  ovoidea,  Reuss,  1849,  I^enkschr,  d,  k,  Akad.  Wiss.  JVien, 
vol.  i,  p.  380,  pi.  xlviii,  fig.  12 ;  Brady,  R^p,  ChalL,  1884,  vol.  ix, 
p.  436,  pL  Iv,  figs.  12-23. 
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One  specimen  of  this  not  uncommon  Tertiary  fossil  occurs  in 
our  gatherings  from  the  upper  part  of  Bed  K 

Family  LAGENID/B. 

Sub-Family  Lageninse. 

LA  GEN  A,  Walker  and  Jacob. 

7.  Lagena  apiculata  (Reuss). 

Oolina  apiculata^  Reuss,  1850,  Haidinger's  iVa/i/ra/.  AbhandL^ 
vol.  iv,  p.  22,  pi.  i,  fig.  I  ;  Z.  apiculata^  Brady,  Rep.  ChalL^ 
1884,  p.  453,  pi.  Ivi,  figs.  4,  15-18. 

8.  Lagena  Iscvis  (Montagu). 

Vemiiculum  iave^  Montagu,  1803,  Test,  Brit^  p.  524  j 
Z.  Ictvis^  Brady,  Rep.  ChalL^  1884,  p.  455,  pi.  Ivi,  figs.  7-14,  30. 

9.  L.  Isevigata  (Reuss). 

Fissurina  lavigatay  Reuss,  1849,  Denkschr,  d,  k,  Akad, 
Wiss.  IVien^  vol,  i,  p.  366,  pi.  xlvi,  fig.  i ;  Z.  Icevigata^  Brady, 
Rep,  Chall.^  1884,  p.  473,  pL  cxiv,  fig.  8. 

10.  L.  reticulata  (Macgillivray). 

Lagenula  reticulata^  Macgillivray,  1843,  Moll,  Anim,  Aber- 
deen^ etc.,  p.  38. 

II.  L.  marginata  (Walker  and  Jacob). 

Serpula  (Lagena)  margifiata^V^iXktT  and  Jacob,  1784,  Test, 
Mm,y  p.  2,  pi.  i,  fig.  7  ;  Z.  marginata^  Brady,  Rep,  Chall,,  1884, 
vol.  ix,  p.  476,  pi  lix,  figs.  21-23. 

The  Lagena  are  very  rare  indeed  in  the  Pegwell  Bay  beds, 
and  the  specimens  found  are  small.  Z.  apiculata  (one  specimen) 
was  found  in  Bed  E,  Z.  lavis  (one  specimen)  in  Bed  F,  Z. 
lavigata  (one  specimen)  also  in  Bed  F,  Z.  reticulata  (two 
specimens)  in  Bed  B,  Z.  marginata  (one  specimen)  in  Bed  C. 

The  enumeration  of  these  very  rare  and,  so  to  speak, 
accidental  occurrences  of  Lagena  leads  us  to  call  attention  to  the 
uselessness  for  all  practical  purposes  beyond  a  mere  record  of 
range  of  many  of  the  published  lists  of  Foraminifera  occurring 
in  diferent  formations  and  horizons.  Too  often  such  lists  record 
the  occurrence  of  the  species  only,  without  the  slightest  clue  as  to 
the  frequency  with  which  they  occur,  or  the  condition  in  which 
May,  1897.  3 
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they  are  found — whether  well  grown  or  starved,  for  example. 
Where  a  series  of  forms  occurs  in  such  profusion,  and  in  such 
vigour  of  growth,  as  the  ensiform  Cristellaria  assume  in  Bed  F  of 
the  Pegwell  Bay  Section,  there  can  be  little  doubt  that  the  con- 
ditions under  which  that  particular  horizon  was  laid  down  must 
have  been  peculiarly  favourable  to  the  particular  form  of 
Foraminifera,  and  the  record  becomes  valuable  for  comparison 
with  other  records  of  occurrences  of  the  same  type  in  recent  or 
geologic  times.  Far  otherwise  is  the  case  with  records  of  the 
occurrence  of  single  or  very  few  specimens  of  a  particular  form. 
It  is  by  no  means  certain  that  such  forms  ever  lived  within 
noany  miles  of  the  spot  in  which  the  dead  shells  are  found ; 
and  this  is  especially  the  case  with  the  smaller  varieties  of 
Foraminifera. 

With  a  view  to  obtaining  some  insight  into  this  part  of  the 
question  of  the  distribution  of  Foraminifera,  we  made  an  experi- 
ment in  September,  1895,  which  it  may,  perhaps,  be  useful  to 
record  here.  Towards  the  end  of  the  month  mentioned,  on  a 
fine  day,  and  after  a  prolonged  period  of  fine  weather,  a  tow-net 
was  taken  out  into  the  English  Channel  to  a  point  about  three 
miles  due  south  of  the  mouth  of  the  River  Arun,  and  towed  for 
about  a  mile  in  a  direction  still  due  south,  and  at  the  surface  of 
the  water.  The  depth  of  water  was  nine  fathoms  at  the  starting 
point,  and  doubtless  gradually  increased,  though  not  rapidly. 
There  was  just  enough  wind  to  sail  by,  and  the  water  was  almost 
absolutely  free  from  floating  weed.  The  solid  contents  of  the 
tow-net,  when  taken  in,  were  very  meagre  in  quantity,  doubtless 
owing  in  no  small  degree  to  the  fact  that  the  net,  or  bag,  being 
made  of  calico  in  order  to  stop  the  smallest  organisms,  did  not 
admit  of  much  draught  of  water  through  its  substance.  The 
bulk  of  the  solid  matter  proved  to  be  minute  Crustacea,  with 
which  we  were  not  concerned.  There  was  also  a  considerable 
percentage  of  very  fine  sand  and  a  very  considerable  number 
of  perfect  Foraminifera.  The  Foraminifera  comprised  some 
thirty  "species,"  including  several  Lagence  and  one  species  of 
Haplophragmium,  There  were  several  specimens  of  some  of 
these  forms.  The  Haplophragmium^  for  instance,  was  rather 
common,  and  Lagena  Icevis  and  Z.  davata  were  distinctly  so. 

Whether  these  forms  were  living  at  the  surface,  or  whence 
they  were  derived,  does  not  affect  the  question  under  considera- 
tion, namely,  the  distribution  of  fossil  Foraminifera ;  but  it  is 
obvious  that  the  shells  thus  taken  from  the  English  Channel 
might  have  floated  away  to  very  great  distances  before  they 
finally  found  a  resting  place  on  the  sea-floor  or  on  the  beach  ; 
and  there  can  be  no  doubt  that  many  of  the  smaller  forms,  at 
any  rate,  found  in  fossil  deposits,  whether  belonging  to  species 
pelagic  in  their  habit  or  not,  have  undergone  transportation  of 
this  nature. 
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Sub-Family  Nodosarinse. 
NODOSARIA,  Lamarck. 

12.  Nodosaria  farcimen  (Soldani). 

(PI.  II,  Fig.  4.) 

Orthoceras  farcimen^  Soldani,  1791.  Testcueographia^  vol.  i, 
pt.  2,  p.  98,  pi.  cv,  fig.  O;  Nodosaria  (Dtntalina)  farcimen^ 
Brady,  1884,  Rep,  ChalL^  vol.  ix,  p.  498. 

We  found  no  complete  specimen  of  this  form  in  our  material, 
but  fragments  sufficiently  large  for  identification  were  met  with 
very  rarely  in  Beds  D  and  E.  Through  the  kindness  of 
Dr.  Henry  Woodward  we  are  able  to  figure  a  fine  and  almost 
perfect  specimen,  which  is  preserved  in  the  Parker  Collection  of 
Fossil  Foraminifera  in  the  British  Museum  (Natural  History), 
and  which  was  obtained  by  Dr.  A.  Rowe  from  Bed  F. 

13.  Nodosaria  raphanus  (Linn^). 

(PI.  II,  Fig.  8.) 

Nautilus  raphanus^  Linn^,  1767,  Syst,  Nat^  12th  ed.,  p.  11 64, 
283;  Nodosaria  raphanus^  Brady,  1884,  Rep,  ChalL^  vol.  ix, 
p.  512,  pi.  Ixiv,  figs.  6-10. 

One  specimen  of  this  well-known  species  occurs  in  our 
washings  from  Bed  B.  The  view  of  the  shell  from  the  oral  end 
bears  a  strong  resemblance  to  the  N  prismatica  of  Reuss — from 
the  Chalk  of  Westphalia -r- the  six  costae  there  visible  giving  the 
appearance  of  an  hexagonal  prism.  The  number  of  costae  is 
really  twelve  however,  and,  moreover,  we  quite  agree  with  Brady 
in  reckoning  N.  prismatica  as  a  variety  of  N,  raphanus  not  call- 
ing for  a  distinguishing  name. 

14.  Nodosaria  obliqua  (Linn^). 

(PL  II.  Fig.  3.) 

Nautilus  obliquay  Linne,  1767,  Syst,  Nat,^  12th  ed.,  p.  1163, 
281  ;  Dentalina  bifurcatay  d'Orb,  For,  Foss,  Vienne^  1846,  p.  56, 
pi.  ii,  figs.  38,  39  ;  Nodosaria  obliqua^  Brady,  1884,  Rep,  ChalL^ 
p.  513,  pi.  Ixiv,  figs.  20-22. 

This  form,  widely  diffused  in  recent  seas  and  of  common 
occurrence  in  the  fossil  condition,  at  least  in  Tertiary  strata, 
occurs  very  rarely  in  Bed  D,  commonly  in  Bed  C,  and  less 
frequently  in  Bed  B. 

15.  Nodosaria  (Dentalina)  communis,  d'Orbigny. 

(PI.  II,  Figs.  7,  9.) 

Dentalina  communis^  d'Orb.,  1840,  Mem,  Soc,  Gkol,  France^ 
vol  iv,  p.  13,  pi.  i,  fig.  4.  Nodosaria  (D,)  communis^  Brady, 
Rep,  Chall,^  1884,  vol.  ix,  p.  504,  pl.  Ixii,  figs.  19-22. 
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The  specimens  of  this  well-known  shell,  obtained  from  our 
Pegwell  Bay  washings  are  small,  and  confined  to  the  upper  part 
of  Bed  F,  where  they  occur  very  rarely. 

CRISTELLARIA,  Lamarck. 

Crtstellaria  are  the  characteristic  Foraminifera  of  the  Thanet 
Sands  at  Pegwell  Bay.  They  are  far  more  abundant  than  any 
other  "  genus,"  and  in  Bed  F  the  ensiform  or  "  Margin uline '' 
varieties  are  exceedingly  abundant  and  very  well  grown. 

The  quasi  generic  term  Marginultnay  has  been  used  by 
authors  in  a  somewhat  inexact  manner,  and,  as  Brady  remarks,^ 
the  vague  use  of  the  term  "  has  been  a  source  of  much  confusion 
of  nomenclature."  Brady  himself  attempts  to  show  that  the  term 
was  intended  by  d'Orbigny  to  exclude  the  laterally  compressed 
Nodosarina,  which  have  commonly  been  referred  to  the  genus. 
He  says,t  "  The  descriptive  characters  of  the  genus  MarginuUna^ 
as  furnished  by  d'Orbigny  in  the  "  Tableau  Methodique,"  are  brief 
and  insufficient ;  but  it  is  manifest  from  the  various  figures 
referred  to  in  the  enumeration  of  species  that  it  was  intended  to 
include  only  the  sub-cylindrical,  as  distinct  from  the  compressed, 
forms  of  Nodosarina\  and  the  fuller  description  subsequently 
given  in  the  *  Vienna  Basin  *  monograph,  in  which  the  globular 
shape  of  the  segments  is  expressly  mentioned,  confirms 
this  view." 

We  fear  that  the  "  intention  "  of  d'Orbigny,  in  the  direction 
indicated  by  Brady,  is  not  so  manifest  as  was  supposed.  In 
d'Orbigny's  original  description  the  marginuline  shell  is  dis- 
tinctly stated  to  have  the  form  of  a  "  curved  scabbard "  (galne 
arqute\  and  this  phrase  is  hardly  consistent  with  the  exclusion  of 
shells  showing  lateral  compression.  Moreover,  though  it  is  true 
that  in  the  description  of  the  genus,  as  given  in  the  "  Vienna 
Basin "  Monograph,  the  component  chambers  of  the  shell  are 
said  to  be  globular,'  and  that  the  figures  in  Plate  III  of  that  work 
show  that  the  transverse  sections  of  the  Jina/  chambers  of  the 
species  figured  are  more  or  less  circular  in  outline,  yet  the 
description  given  in  the  "  Vienna  Basin  "  memoir,  which  was 
published  in  1846,  appears  verbatim  in  the  "Craie  Blanche" 
paper,  which  saw  the  light  six  years  earlier ;  and  the  figures  in 
Plate  I  of  the  earlier  work  show  the  MarginulincB  with  chambers 
laterally  compressed. 

There  can  be  no  doubt  either  that  other  authors  who  have 
used  the  generic  term  m  question  have  understood  it  to  include 
shells  showing  a  considerable  amount  of  lateral  compression. 
Jones  and  Parker,  for  instance,  in  their  well-known  papers  on  the 
nomenclature  of  the  Foraminifera,  published  in  The  Annais  and 

*  Re/.  CktULy  vol.  ix,  p.  537. 
t  Op  €tt,y  p.  526. 
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Magazine  of  Natural  History^  treat  Marginulina  as  a  quasi  sub- 
genus of  Cristellaria^  and  describe  forms  such  as  we  figure  on 
Plates  I,  III,  and  IV,  as  "  marginuline  cristellariae  " ;  and  again,  in 
their  paper  on  the  Foraminifera,  figured  by  Fichtel  and  Mofll,*  they 
describe  the  typical  Nautilus  (Cristellaria)  crepidula^  which  is 
much  compressed,  as  ^*  a  delicate,  elongate,  marginuline,  flattened 
cristellaria."  A  further  illustration  of  their  use  of  the  term  is 
furnished  by  their  Marginulina  lituus,  which  we  figure  upon 
PI.  IV. 

Some  authors  have  attempted  to  limit  the  scope  of  the 
"  genus  "  Marginulina  by  making  the  possession  of  a  simple  or 
a  radiating  aperture  distinguishing  features.  Thus  M.  Berthelinf 
says  :  "  Les  vraies  marginulines  ont  Touverture  tubuleuse  et  non 
radi^,  comme  les  nodosaires,  auxquelles  elles  me  parattraient 
plutot  se  rapporter,  tandis  que  les  formes  plus  ou  moins  enrouldes, 
douses  d'une  ouverture  radi^e,  rentrent  dans  les  Cristellaires." 
In  the  same  manner  M.  Berthelin  separates  Nodosaria  and 
Dentalina^  the  former  term  embracing  the  Nodosaria  with  tubular 
non-radiate  apertures,  and  the  latter  comprising  those  with 
radiating  apertures.  But  as  Brady  has  well  shown  (Report  ChalL^ 
1884,  vol.  ix,  p.  443)  a  particular  form  of  aperture  is  useless  for 
classificatory  purposes  in  the  simple  genus  Lagena^  and  it  is  only 
necessary  to  look  over  a  good  collection  of  published  figures — 
to  say  nothing  of  a  wide  series  of  actual  specimens — to  see  that 
the  radiating  or  non-radiating  aperture  is  equally  useless  in  the 
differentiation  of  Nodosarice  and  Dentalince^  or  Marginulince  and 
Cristellarice. 

It  is,  perhaps,  worthy  of  remark  that  d'Orbigny  {For,  Foss, 
Vienne,  1846,  p.  66),  in  distinguishing  Marginulina  from  certain 
allied  forms,  laid  stress  upon  the  prolongation  of  the  final 
chamber  in  which  the  aperture  is  situated,  and  upon  the  tendency 
which  the  earlier  chambers  show  to  a  spiral  form  of  growth.  He 
also  defined  the  position  of  the  aperture  as  marginal,  and  placed 
on  the  convex  side  of  the  curved  axis  of  the  shell.  We  cannot 
help  thinking,  after  comparing  d*Orbigny's  various  drawings  of 
Marginulina,  that  the  typical  marginal  aperture  is  one  situate  in 
a  prolongation  of  the  final  chamber,  whose  direction  or  axis  is 
placed  at  a  return  angle  with  the  convex  curve  of  the  shell. 
The  combination  of  this  character  with  that  of  the  tendency  to  a 
spiral  arrangement  of  the  earlier  chambers  gives  a  more  or  less 
sigmoid  curve  to  the  shell ;  and  it  is  interesting  to  notice  that  if 
this  curvature  were  taken  as  a  distinguishing  feature,  d'Orbigny's 
modele  No.  55  would  satisfy  the  rule,  as  would  also  the  M.  raph- 
anus  of  the  "  Tableau  M^thodique,"  all  the  Marginulince  figured 
in  the  "  Craie  Blanche  "  paper,  and  all,  or  nearly  all,  those  figured 
in  the  "  Vienna  Basin  "  memoir. 

•  Ann,  Mag.  Nat.  Hist.,  3rd  ser.,  vol.  v,  p.  114. 

t  Mim,  Sac.  GM.  Franct,  S^r.  3,  Tom  x,  x88o,  p.  33. 
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We  quite  admit  that  even  if  thus  restricted  the  genus  must 
remain  ill-defined,  and,  for  ourselves,  we  should  be  content  to  see 
it  discarded  altogether,  as  is  done  by  Goes,  for  instance.  If  it  be 
retained  for  the  sake  of  convenience  in  classification,  we  think  it 
should  be  used  less  vaguely  than  it  has  been,  and,  at  the  same 
time,  that  its  "  characters "  should  not  be  so  modified  as  to 
exclude  the  forms  which,  being  among  those  first  described,  must 
be  looked  upon  as  typical  of  the  genus. 

CRISTELLARIA,  Lamarck. 

16.  Cristellaria  fragraria  (Giimbel).   PL  II,  Fig.  i. 

An  interesting  example  of  the  confusion  in  nomenclature 
caused  by  the  indefinite  position  of  the  genus  Marginulina  is 
furnished  by  the  case  of  the  species  commonly  known  as  Mar- 
ginulina  weihereiliiy  Jones — the  Cristellaria  wetherelli  (Jones) 
of  the  Challenger  Report. 

The  name  Cristellaria  wetherellii  was  first  given  by  Prof. 
Rupert  Jones  to  a  form  which  was  described,  but  not  figured,  in 
the  Quart,  Journ,  GeoL  Soc,^  vol.  viii,  1852,  p.  267.  In  the  Cat. 
Foss,  For,  Brit,  Mus,^  1882,  p.  19,  there  is  a  record  of  a  Cris- 
tellaria italica^  Defrance,  var.  wetherellii^  Jones,  from  the 
Thanet  Sands,  and  for  a  description  of  the  species  the  reader 
is  referred  to  the  description  of  Cristellaria  wetherellii  in  the 
Quart,  Journ,  Geol.  Soc,  already  referred  to.  We  have  the 
authority  of  Prof.  Rupert  Jones  for  saying  that  the  reference  to 
Cr,  italica  in  the  Museum  Catalogue  was  incorrect,  and  there  is 
no  doubt  that  the  form  described  in  the  Quart,  Journ,  Geol  Soc, 
in  1852,  and  recorded  in  the  Museum  Catalogue  in  1882,  from 
the  Thanet  Sands  is  one  of  the  ensiform  smooth  CristellaricSy  so 
common  in  Bed  F,  and  which  we  have  referred  to  C,  crepidula 
and  its  varieties. 

The  name  Marginulina  wetherellii  was  given  by  Prof.  Rupert 
Jones  in  1854  to  a  shell  figured  by  Sowerby  in  1840  in  the 
Trans,  Geol,  Soc,  for  1837,  ser.  2,  vol.  v,  p.  135,  pi.  ix,  fig.  12, 
but  there  named  "  Marginulina  "  simply.  The  same  form  has 
been  figured  and  described  since  by  other  authors  under  differ- 
ent names.  We  need  only  notice  the  name  Marginulina  fragrafia 
given  by  Giimbel  in  1868.  {Abh.  m,'ph  CI.  k,-bayer,  Ak,  Wiss, 
vol.  X,  p.  635,  pi.  i,  fig.  58,  a,  b,  c.) 

Brady,  in  the  Challenger  Report^  referred  the  species  to  the 
genus  Cristellaria^  and,  if  a  large  number  of  specimens  are 
studied,  especially  if  taken  from  a  locality  where  the  species 
occurs  plentifully,  we  think  it  must  be  so  referred. 

This  being  so,  the  specific  name  wetherellii  cannot  stand, 
because  it  is  already  occupied,  and  C,  fragraria  (Giimbel)  must 
be  taken  as  the  proper  designation  of  the  species. 


Proc  Geol.  Assoc,  Vol  XV. 
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A  single  specimen  of  C,  fragraria  occurs  in  our  gatherings 
from  the  Pegwell  Bay  section,  and  that  from  Bed  D. 

The  species  is  especially  common  in  the  London  Clay,  and 
Mr.  C.  D.  Sherborn,  who  has  devoted  much  time  to  the  study 
of  the  form,  has  kindly  placed  at  our  disposal  his  MS.  notes  and 
numerous  drawings.  We  are  thus  enabled  to  give  a  plate,  illus- 
trating some  of  the  variations  of  the  form,  which  was  prepared  by 
Mr.  Sherborn  some  years  since,  but  which  has  not  hitherto  been 
published.  All  the  specimens  there  represented  were  from  the 
London  Clay;  No.  i  from  Chelsea,  No.  13  from  Islington,  the 
rest  from  Piccadilly. 

C.  fragraria  is  essentially  a  decorated  form  of  C.  crepidula. 
There  is  considerable  variation  in  the  size  of  specimens  from  the 
same  locality,  and  "  in  the  relative  development  of  the  spiral  and 
linear  portions."  The  shorter  specimens  are  sometimes  rather 
stoutly  built,  and  approach  C.  platypUiira  in  contour.  The  orna- 
mentation consists  of  tubercles  and  ridges  variously  disposed. 
The  tubercles  generally  take  the  direction  of  the  septal  lines, 
while  the  ridges  most  frequently  assume  a  longitudinal  direction. 
Occasionally  the  longitudinal  ridges  are  replaced  by  elongate 
tubercles ;  and  less  frequently  the  ridges  themselves,  whether 
transverse  or  longitudinal,  are  tuberculated.  As  a  general  rule 
the  test  of  the  longer  specimens,  while  it  is  not  cylindrical,  shows 
no  marked  degree  of  compression,  but  Mr.  Sherborn's  drawings 
include  a  series  of  forms  from  an  unnamed  locality*  which  are 
excessively  compressed,  and  which  have  the  later  chambers  very 
much  outspread.  The  ornamentation  upon  these  forms  is 
likewise  very  irregular,  and  sometimes  almost  wanting.  They 
closely  resemble  C,  gemmata,  Brady,  of  the  Challenger  Report, 

The  Challenger  specimens  of  C,  fragraria  were  not  perfect, 
and  were  obtained  from  Torres  Strait,  off  Raine  Island,  at  a 
depth  of  155  fathoms,  and  off  the  coast  of  S.  America,  S.E.  of 
Pernambuco,  at  a  depth  of  350  fathoms. 

Save  for  the  specimens  collected  by  the  Challenger^  the 
species  is,  we  believe,  known  with  certainty  only  as  a  Tertiary 
fossil.  As  we  have  already  stated,  it  is  particularly  abundant  in 
the  London  Clay. 

17.  Cristellaria  crepidula  (Fichtel  and  Moll). 

PL  I,  Figs.  1-21. 

Nautilus  crepidula^  Fichtel  and  Moll,  1798.  Test,  Micr.,  p. 
107,  pi.  xix,  figs.  G-i. 

Cristellaria  recta,  d'Orbigny,  1839.  Mem.  Soc.  Geol,  France, 
Tom.  2,  p.  28,  pi.  ii,  figs.  23-25. 

Cristellaria  crepidula,  d'Orbigny,  1839.  Foram.  Cuba,  p.  64, 
pi.  viii,  figs.  17  and  18. 

*  Mr.  Sherborn  tells  us  that  these  specimens  were  probably  recent. 


{ 
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MarginuUna  giadius^  Philippi,  1843.  Tertidr  nordwest, 
Deutsch.y  p.  40,  pi.  i,  fig.  37. 

Cristellana  intermedia^  Reuss,  1845.  Versfein  bohm,  Kreid^ 
part  I.,  pp.  33.  108,  pi.  xiii,  figs.  57  and  58;  part  II,  pi.  xxiv, 
figs.  50  and  51. 

C  simplex^  d'Orbigny,  1846.  For,  Foss,  Viennc^  P-  85,  pi.  iii, 
figs.  26-29. 

C.  cymboides,  d'Orbigny,  1846.  Op,  cit,^  p.  85,  pi.  iii,  figs.  30 
and  31. 

C,  wetherellii^  Jones,  1852.  Quart.  Journ,  GeoL  Soc ,  vol 
viii,  p.  267. 

C,  protracta,  Bornemann,  1854.  Lias  von  Gottingen^  p.  39 
pi.  iv,  fig.  27. 

C.  varianSy   Bornemann,   1854.      Op,  cit.y  p.  41,  pi.  iv,  figs 

32-34. 

C.  subaratatula^   Williamson,    1858.     Rec,  For,   Gt,  Brit,,  p 

29,  pi.  ii,  figs.  56  and  57. 

C,  harpa,  Reuss,  i860.  Sitz,  k,  Akad,  Wiss.  JVien,  xl,  p 
211,  pi.  X,  figs.  I  and  2. 

C.  crepidu/a,  Parker  and  Jones,  1865.  P/ii/,  Trans.,  p.  344 
pi.  xiii,  figs.  15  and  16. 

C,  iialica,  Defrance,  var.  wethereiiii,  JoncF,  1882.  Cat.  Foss 
Foram,  Brit.  Mus,,  p.  19. 

C  crepidula,  Brady,  1884.  Rep.  ChalL,  p.  542,  pi.  Ixvii,  figs 
17,  19,  20,  and  pi.  Ixviii,  figs,  i  and  2. 

Commenting  on  some  recent  CristellaricB  which  present  the 
characters  of  a  group  of  figures  in  Von.  Schlicht's  well-known 
work,  Brady  {Chall.  Rep.,  p.  536)  expresses  the  opinion  that 
"  when  the  attenuated  Cristellaria  of  the  Tertiary  formations  come 
to  be  critically  studied  as  a  whole,  the  number  of  species  will  be 
very  greatly  reduced."  Parker  and  Jones  had  long  previously 
expressed  in  effect  the  same  view  in  their  papers  on  the  nomen- 
clature of  the  Foraminifera  already  referred  to  ;  and  in  the  papers 
on  the  variability  of  the  Foraminifera  as  illustrated  by  the 
Cristellarians,  Prof.  Rupert  Jones,  and  afterwards  Prof.  Rupert 
Jones  and  C.  D.  Sherborn  have  grouped  the  attenuated  or 
ensiform  varieties  of  Cristellaria  round  the  form  Cristellaria 
crepidu/a  (F.  and  M.)  The  specimens  under  the  consideration 
of  these  authors  were  in  some  cases  recent,  in  others  fossil ;  and 
the  fossil  specimens  were  derived  from  many  localities  and  many 
horizons.  In  the  last-mentioned  paper,  however,  Messrs.  Jones 
and  Sherborn  call  attention  specially  to  eight  and  a-half  quarto 
plates  in  Von  Schlicht's  work,  which  contain  213  figures  of  the 
Cristellaria.  alone,  and  they  observe,  "The  most  cursory  examina- 
tion of  these  plates  will  show  the  extremely  close  connection 
existing  between  all  the  forms  ;  and  having  in  hand  the  illustra- 
tions of  so  fine  a  series  from  one  deposit,  and  therefore  of  so 
arge  a  group  of  forms  most  probably  living  continuously  in  one 
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area,  and  under  oift  set  of  conditions,  we  are  enabled  to  see  in  a 
striking  manner  how  greatly  one  form  can  and  does  pass  into 
manifold  varieties,  and  how  difficult  it  is  to  recognise  the  limita- 
tion of  species,  and  say  where  they  begin  and  where  they  end." 

In  the  light  of  the  foregoing  remarks,  the  attenuated  Cristel- 
iarta  obtained  from  the  Pegwell  Bay  Section  of  the  Thanet 
Sands  furnish  points  of  great  interest. 

The  forms  collected  by  us  are  extremely  variable  in  minor 
details,  and  at  the  same  time  they  range  themselves  naturally 
round  the  typical  C,  crepidula  (F.  and  M.).  The  extremes  of 
variation  are  closely  connected  by  intermediate  links ;  and  the 
fact  that  all  the  specimens  come  from  the  same  handful  of 
material  makes  it  impossible  to  suppose  that  the  varieties  can  be 
specifically  distinct,  or  that  the  differences  of  contour  can  repre- 
sent more  than  individual  variation. 

It  will  be  seen  from  the  figures  which  we  give  that  if  the 
attenuated  forms  be  taken  as  a  whole — and  in  the  circumstances 
there  seems  to  be  no  justification  for  dealing  with  them  in  any 
other  way — they  cannot  really  be  separated  from  C  crepidula  ; 
and  we  may  add  that  there  is  nothing  in  the  original  description 
of  that  species  by  Fichtel  and  Moll  which  would  exclude  them. 
Nevertheless,  in  the  "explanation"  of  the  Plate,  we  have  retained 
as  varietal  names  the  names  of  the  "  species  "  to  which  the  more 
distinct  varieties  have  been  assigned  by  different  authors.  As  an 
interesting  illustration  of  the  propriety  of  placing  these  various 
forms  under  the  same  specific  appellation,  and  that  C.  crepidula^ 
we  figure  (Plates  IV  and  V)  two  series  of  forms  taken  from  various 
authors.  The  first  series  shows  some  twenty  figures,  rejoicing  in 
different  specific  names,  nearly  all  of  which  can  be  matched  from 
our  Pegwell  Bay  specimens.  The  second  series  comprises  a  num- 
ber of  forms  of  various  authors,  at  least  as  variable  as  the  forms 
in  the  previous  series,  and  all  referred  to  C.  crepidula.  It  should 
be  stated  that,  to  make  comparison  more  easy,  we  have  turned 
the  figures  about  in  some  instances  so  as  to  have  all  the  forms 
face  the  same  way,  and  sometimes  we  have  relatively  enlarged 
the  figures  to  some  degree. 

As  we  have  already  observed,  all  these  varieties  of  attenuated 
Cristeliarice  come  from  one  portion  of  the  Pegwell  Bay  Section, 
that  which  we  have  named  Bed  F,  Specimen  14.  In  this  bed 
they  occur  in  great  profusion ;  in  the  six-inch  shell  band  of  bed 
C.  one  or  two  of  the  varieties  sparingly  occur ;  in  the  other  beds 
we  have  not  met  with  them  at  all. 

It  becomes  interesting  to  compare  the  other  localities  from 
which  similar  specimens,  both  recent  and  fossil,  have  been  ob- 
tained. The  type  of  <he  species  was  a  recent  shell,  and  came 
from  the  Mediterranean.  Williamson^s  specimens  of  C,  sub- 
arcuatula  came  from  various  parts  of  the  British  coasts.  The 
Challenger  specimens  of  C  crepidula  were  not  numerous,  and 
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were  for  the  most  part  obtained  from  comparatively  shallow 
water ;  although  at  one  locality  in  the  South  Atlantic  the  species 
was  met  with  at  a  depth  of  2,350  fathoms.  None  of  the 
Challenger  specimens,  however,  appear  to  have  been  of  the 
extremely  elongate  type.  Egger  figures  a  variety  strikingly  like 
some  of  the  Pegwell  Bay  specimens,  and  that  was  obtained  from 
a  depth  of  les»s  than  500  fathoms.  The  specimens  of  C,  crepi- 
dula^  whose  figures  we  have  copied  from  Goes,  were  obtained  from 
the  Atlantic  off  the  Azores,  at  depths  of  about  300  fathoms ;  while 
his  C,  subarcuatulay  which  we  also  figure,  came  from  the  North 
Atlantic,  at  a  depth  of  about  300  fathoms.  We  may  add  that 
we  have  ourselves  obtained  large  specimens  almost  indistinguish- 
able from  some  of  the  elongate  varieties  of  Pegwell  Bay  from 
material  taken  from  the  Indian  Ocean  between  Zanzibar  and  the 
Seychelles  by  H.M.S  Stork^  at  a  depth  of  2,550  fathoms. 

C  protracta  of  Bomemann  comes  from  the  Lias  ;  C  harpa 
and  C,  hagenowi  of  Reuss  from  the  Cretaceous  beds  of  West- 
phalia ;  C,  recta  of  d'Orbigny  from  the  While  Chalk  of  France ; 
C.  cymboideSy  C.  simplex^  and  C,  hauerina^  of  the  same  author, 
are  from  the  Miocene  of  Vienna.  British  fossil  specimens  have 
been  obtained  from  the  Cretaceous  beds,  from  the  London  Clay, 
and  from  other  Tertiary  Deposits. 

18.  Cristellaria  gibba,  d'Orb. 
PI.  II,  Figs.  5,  6. 

Cristellaria  gibba,  d^Orb.,  1839,  Foram.  Cuba,,  p.  63,  PI.  vii, 
figs.  20,  21  ;  C  gibba^  Brady,  1884,  Rep,  ChalL,  vol.  ix,  p.  54b. 
pi.  Ixix,  figs.  ^,  9. 

This  **  species,"  which  stands  morphologically  between  the 
elongate  compressed  forms  grouped  round  C.  crepidula  and  the 
compact  lenticular  varieties  which  have  their  type  in  C  rotulata, 
has  been  found  by  us  in  one  part  only  of  the  Pegwell  Bay  Section, 
viz.,  the  6-inch  shell  band  of  Bed  C.  There  it  occurs  very  com- 
monly, and  the  individuals  are  rather  large  and  well-grown. 

19.  Cristellaria  platy pleura,  Jones.    PI.  II,  Figs.  2,  2 a. 

C  platypleura,  Jones,  1852,  Prestwich,  Quart,  Journ.  Geol, 
Soc,  viii,  p.  267,  pi.  xvi,  fig.  12  ;  C.  ailtrata  (Montf.)  {platy- 
pleura,  Jones),  Jones,  1882,  Cat.  Foss.  Foram.  Brit.  Mus., 
p.  19. 

This  form  has,  so  far  as  we  are  aware,  not  been  found  else- 
where than  in  the  Thanet  Sands,  although  very  close  allies  have 
been  recorded  from  various  fossil  deposits  and  from  several 
localities  in  recent  seas.  It  is  very  common  in  Bed  C  at  Pegwell, 
rare  in  Bed  D,  and  very  rare  in  Bed  E. 
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20.  Cristellaria  crassa,  d'Orbigny.    PI.  I,  Fig.  24. 

Crtstellaria  crassa,  d'Orb.,  1846,  For,  Foss,  Fienne,  p.  90, 
pi.  iv,  figs.  1-3 ;  C.  crassa,  Brady,  1884,  J^ep.  ChalL,  p.  549, 
pL  Ixx,  fig.  I. 

We  have  referred  the  form  figured  as  above  to  this  species  of 
d'Orbigny  because  it  closely  agrees  with  the  description  and 
figures  given  in  the  "Vienna  Basin"  Memoir.  In  the  Thanet 
Beds  of  Pegwell  Bay  there  can  be  no  doubt  that  the  form  is  a 
mere  variety  of  C,  platypkura,  in  company  with  which  it  sparingly 
occurs.  Our  specimens  show  a  complete  sequence  from  the 
smooth  C.  crassa  to  the  C  platypUura,  with  strongly  costulate 
sutures. 

21.  Cristellaria  arcuata,  d'Orbigny.    PI.  I.,  Fig.  22. 

Cristellaria  arcuata,  d'Orbigny,  1846,  For,  Foss,  Vienne, 
p.  87,  pi.  iii,  figs.  34-36. 

Two  small  but  perfect  specimens  of  this  form  were  found  in 
our  material  from  Bed  £. 


We  have  cut  a  considerable  number  of  sections  of  the  more 
common  forms  of  Cristellaria  from  the  Pegwell  Bay  Section. 
We  have  not  been  able  to  prepare  a  sufficient  number  to  justify 
any  general  statement  as  to  the  internal  structure  ;  but  it  may  be 
well  to  record  that  all  the  sections  we  have  cut  of  C,  platypUura 
and  its  cultrate  allies  show  a  megalospheric  initial  chamber. 
On  the  other  hand,  all  our  sections  of  C,  gibba  show  the  initial 
chamber  to  be  microspheric ;  while  in  the  ensiform  varieties  of 
C  crepidula  the  initial  chambers  are  apparently  indifferently 
megalospheric  or  microspheric. 

Sub-Family  Polymorphininae. 

POLYMORPHINA,  d'Orbigny. 

22.  Polymorphina  lactea  (Walker  and  Jacob). 

Serpula  lactea.  Walker  and  Jacob,  1798,  Adams's  Essays, 
2nd  ed.,  p.  634,  pi.  xxiv,  fig.  4;  Polymorphina  lactea,  Brady, 
1884,  Rep,  ChalL,  vol.  ix,  p.  559,  pi.  Ixxi,  fig.  11. 

23.  Polymorphina  gibba,  d*Orbigny,  var.  ampulla, 

Jones.    PI.  II,  Fig.  14. 

Polymorphina  ampulla,  Jones,  Quart,  Journ,  GeoL  Soc,  1852, 
voL  viii,  p.  267,  pi.  xvi,  fig.  14 ;  Polymorphina  gibba,  d'Orb.,  var. 
ampulla,  Jones,  Cat,  Foss,  Foram,  Brit.  Mus,,  1882,  p.  19. 
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24.  Polymorphina  amygdaloides  (Reuss.).    PI.  II,  Fig.  18. 

Globulina  amygdaloides^  Reuss,  1851,  Zeitsch,  deutsch.  geoL 
Gesell,  vol.  iii,  p.  82,  pi.  vi,  fig.  47  ;  Polymorphina  amygdaloides^ 
Brady,  1884,  Rep.  ChalL^  vol.  ix,  p.  560,  pi.  Ixxi,  fig.  13. 

25.  Polymorphina  communis  (d'Orb.).  PL  II,  Fig.  13. 

Guttulina  communis^  d'Orb.,  Ann,  Sci,  JVaf.,  vii,  1826,  p. 
266,  pi.  xii,  figs.  1-4  ;  Polymorphina  communis^  Brady,  1884, 
Rep,  Chall.^  p.  568,  pi.  Ixxii,  fig.  19. 

26.  Polymorphina  problema  (d'Orb.).  PI.  II,  Fig.  17. 

Guttulina  problema^  d'Orb.,  1826,  Ann.  Sci.  Nat.^  vii,  p.  266, 
ModUe  No.  61  ;  Polymorphina  problema^  Brady,  1884,  Rep, 
Chall.^  p.  568,  pi.  Ixxii,  fig.  20,  Ixxiii,  fig.  i. 

27.  Polymorphina  complanata  (d'Orb.).  PI.  II,  Fig.  16. 

Polymorphina  complanata^  d'Orb,  For,  Foss,  Fienne,  1846,  p. 
234,  pi.  xiii,  figs.  25-30. 

These  Polymorphina  are  very  rare  in  our  Pegwell  Bay 
material.  They  are  also,  as  a  rule,  small.  P.  communis  occurs 
in  Beds  B  and  E.  The  others  are  found  only  in  the  6-inch  shell 
band  of  Bed  C. 

28.  Polymorphina  complanata  (d'Orb.),  var.  striata,  nov. 

PI.  II,  Fig.  15. 

Characters.  Shell  much  compressed,  sub-rhomboidal.  Cham- 
bers elongate,  oblique,  and  disposed  in  two  regularly  alternating 
series.  Septal  lines  but  slightly  excavated.  Surface  ornamented 
with  fine  longitudinal  parallel  striae.     Aperture  radiate. 

One  specimen  of  this  well-marked  variety  occurs  in  our  wash- 
ings from  the  6-inch  shell  band  of  Bed  C. 

Family  GLOBIGERINIDiE, 
29.  Globigerina  bulloides  (d'Orb.).   PI.  II,  Fig.  19. 

Giobigerina  bulloides,  d'Orb.,  1826,  Ann,  Sci,  Nat.,  vii,  p.  277, 
No.  I,  Module  No.  76;  G,  bulloides,  Brady,  1884,  Rep,  ChalL, 
ix,  p.  593,  pi.  Ixxix,  figs.  I  and  2. 

This  cosmopolitan  species  occurs  very  sparingly  in  the  Thanet 
Sands.  We  have  small  specimens  from  Beds  C  and  F.  In  both 
the  shell  is  rare,  though  less  rare  in  Bed  F  than  in  Bed  C. 
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30.  Pullenia  sphacroides  (d'Orb.).    PI.  II,  Fig.  20. 

Nonionina  spharoides^  d'Orb.,  1826,  Ann,  Sci,  Nat.y  vii,  p. 
293,  No.  I,  Module  No.  43;  Pullenia  spharoides^  Brady,  1884, 
Rep,  ChalL^  p.  615,  pi.  Ixxxiv,  figs.  12,  13. 

31.  Pullenia  quinqueloba  (Reuss.).  PI.  II,  Fig.  21. 

Nonionina  quinqueloba^  Reuss,  185 1,  Zeitschr,  d,  Deutsche  Geol. 
Geseilsck.,  iii,  p.  47,  pi.  v,  fig.  31 ;  Pullenia  quinqueloba,  Brady, 
1884,  Rep.  Chall.y  p.  617,  pi.  Ixxxiv,  figs.  14,  15. 

These  forms,  like  their  ally,  Globigerina  bulloides^  occur 
sporadically  only  in  the  Thanet  Sands.  P.  spharoides  is  found  in 
our  washings  from  Bed  E  only,  and  our  specimens  of  P.  quinque- 
loba come  from  Beds  £  and  F. 


Family  ROTALID^. 

Sub-Family  Rotalinac. 
32.  Truncatulina  lobatula  (W.  and  J.).  PL  II,  Fig.  24, 

Nautilus  lobatulus.  Walker  and  Jacob,  1 798,  Adams'  Essay s^ 
Kanmacher's  Ed.,  p.  642,  pi.  xiv,  fig.  36  \  Truncatulina  lobatula, 
Brady,  1884,  Rep.  ChalL,  p.  660,  pL  xcii,  fig.  10,  etc. 

33.  Truncatulina  haidingerii  (d'Orb.). 

Rotalina  haidingerii,  d'Orb.,  1846,  For.  Foss.  Vienne,  p.  154, 
pi.  vii,  figs.  7-9;  Truncatulina  haidingerii,  Brady,  1884,  Rep. 
Chall.,  p.  663,  pi.  xcv,  fig.  7. 

34.  Truncatulina  ungeriana  (d'Orb.).    PI.  II,  Fig.  23. 

Rotalina  ungeriana,  d'Orb.,  1846,  Por.  Foss.  Vienne,  p.  157, 
pi.  viii,  figs.  16-18  ;  Truncatulina  ungeriana,  Brady,  1884,  Rep. 
ChalL,  p.  664,  pi.  xciv,  fig.  9. 

The  Truncatulina  of  the  Thanet  Sands  call  for  little  mention. 
They  are  nearly  always  small  and  poorly  grown,  and  the  specimens 
found  are  usually  ill-preserved.  T,  ungeriana  is  found  through- 
out the  Thanet  Beds  of  Pegwell  Bay.  It  is  met  with  commonly 
in  Bed  F,  less  commonly  in  Beds  B  and  C,  and  more  or  less 
rarely  in  the  intermediate  Beds  D.  and  E.  T.  haidingerii  occurs 
very  rarely  (one  specimen),  in  Bed  E  only.  T.  lobatula  occurs  in 
Beds  B,  C,  D,  very  rarely  in  B  and  D,  and  rarely  in  C. 

In  the  Quart.  Joum.  Geol,  Soc,  vol.  viii,  1^52,  p.  267, 
PI.  xvi,   Fig.    13,   Prof.   Rupert  Jones   described   and   figured 
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Rosalina  marice  n.sp.  from  the  Thanet  Sands.  The  figure  is, 
unfortunately,  not  a  good  one,  and  the  figured  specimen  which  is 
in  the  British  Museum  is  not  well  preserved,  so  that  it  is  rather 
difficult  to  make  out  exactly  the  distinctive  characters  of  the 
species.  In  the  Cat,  Foss,  Foram.  Brit,  Mus.^  1882,  p.  19, 
Prof.  Jones  makes  the  species  a  variety  of  Truncatulina  lobatula. 
We  have  carefully  looked  for  T,  maria  in  our  washings,  but  the 
specimens  which  at  first  sight  appear  to  possess  the  characters  of 
that  species  are  found,  on  further  examination,  to  be  Truncatulina 
ungeriana  or  Anomalina  grosserugosa, 

35.  Anomalina  ammonoides  (Reuss.). 

Rosalina  ammonoides^  Reuss,  1845,  Verstein,  bohm,  Kreid.y 
Pt.  I.,  p.  36,  pi.  xiii,  fig.  66,  pi.  viii,  fig.  53 ;  Anomalina 
ammonoides^  Brady,  1884,  Rep,  ChalL^  p.  672,  pi.  xciv,  figs.  2,  3. 

36.  Anomalina  grosserugosa  (Gumbel).  PI.  II,  Fig.  26. 

Truncatulina  grosserugosa^  Gumbel,  1868,  AbhandL  d,  k, 
bayer.  Akad,  Wiss,,  II  cl.,  vol.  x.,  p.  660,  pi.  ii,  fig.  104; 
Anomalina  grosserugosa,  Brady,  1884,  Rep,  ChalL,  p.  673,  pi. 
xciv,  figs.  4,  5. 

Anomalina  grosserugosa  is  one  of  the  most  common  of  the 
Thanet  Sands  Foraminifera.  Its  range  extends  throughout  the 
Beds,  but  it  is  most  common  in  Beds  C  and  F.  A,  ammonoides 
occurs  in  our  washings  from  Bed  F  only.  The  specimens  are 
always  small,  and  generally  poorly  grown  and  badly  preserved. 

37.  Pulvinulina  menardii  (d'Orb.).     PI.  II,  Fig.  22. 

Rotalia  menardii,  d'Orb.,  1826,  Ann,  Sci.  Nat,,  vii,  p.  273, 
No.  26,  Module  No.  10  ;  Fulvinulina  menardii,  Brady,  1884, 
Rep,  Chall,,  p.  690,  pi.  ciii,  figs,  i,  2. 


38.  Pulvinulina  elegans  (d'Orb.). 

Rotalia  (Turbinulina)  elegans,  d*Orb.,  1826,  Ann,  Sci,  Nat,, 
p.  276,  No.  54;  Fulvinulina  elegans,  Brady,  1884,  Rep,  Chall,, 
p.  699,  pi.  cv,  figs.  4,  5,  6. 

One  small,  but  perfect  and  well-preserved,  specimen  of  F. 
menardii  occurs  in  our  material  from  the  6-inch  shell  band  of 
Bed  C.  F,  elegans  occurs  in  Beds  C,  E,  and  F,  always  very 
rarely.  The  specimens  are  also  always  small,  and  not  very  well 
preserved. 
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39.  Pulvinulina  exigua  (Brady),  var.  obtusa  nov. 

PI.  II,  Fig.  25. 

Characters,  Test  free,  rotaliform ;  both  faces  convex  and 
generally  equally  so ;  composed  of  three  convolutions,  of  which 
the  outermost  has  usually  five  segments.  Sutures  non-limbate ; 
marked  on  the  superior  face  by  thickened  lines  of  opaque  shell 
substance ;  on  the  inferior  by  slight  depressions ;  periphery 
obtuse,  and  very  rarely  lobulated. 

This  is  probably,  next  to  Bulimina  elongata^  the  most  common 
Foraminifer  of  the  Thanet  Sands.  It  is  met  with  in  every 
division  except  Bed  B,  and  in  Bed  F  is  very  abundant.  It  differs 
from  P,  exiguGy  Brady  (jChalL  Rep,,  p.  696,  pi.  ciii,  13,  14), 
chiefly  in  its  obtuse  periphery.  This  character  may  appear  at 
first  sight  of  little  value,  but  we  have  carefully  examined  a  large 
number  of  recent  specimens  of  P,  exigua^  and  we  find  that  the 
acute  lobulated  periphery  is  remarkably  constant,  while  the  obtuse 
periphery  and  more  compact  habit  are  no  less  constant  characters 
in  the  var.  odiusa  from  the  Thanet  Sands.  P.  exigua  is  a  deep 
water  form.  Of  the  thirty-four  stations  from  which  specimens 
were  obtained  by  the  Challenger,  "  twenty-five  have  depths 
exceeding  i,ooo  fathoms,  and  fourteen  exceeding  2,000  fathoms  " 
{Rep.  ChalL,  ix,  p.  696). 

40.  Rotalia  beccarii  (Linn6). 

Nautilus  beccariiy  Linne,  1767,  Syst,  Nat,,  12th  ed.,  p.  1162  ; 
Rotalia  beccarii,  Brady,  1884,  Rep,  Chall,,  p.  704,  pi.  cvii,  2,  3. 
One  small  poor  specimen  of  this  very  common  form  occurs  in  our 
washings  from  Bed  F. 


Family  NUMMULINID^. 

Sub-Family  Polystomellinac. 

41.  Nonionina  depressula  (Walker  and  Jacob). 

Nautilus  depressulus^  W.  and  J.,  1798,  Adam's  Essays, 
Kanmacher's  ed.,  p.  641,  pi.  xiv,  fig.  33 ;  Nonionina  depressula, 
Brady,  1884,  J^^P-  ChalL,  p.  725,  pi.  cix,  figs.  6,  7. 

This  form  is  represented  in  our  washings  by  one  small  speci- 
men from  Bed  B. 
May,  1897.]  4 
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Plate  I. 


Fig^«    1-3  Cristeliaria  crepiduUx  (^F.  &  M.),  var.  cymhoides^  d'Orb. 
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ORDINARY    MEETING. 

Friday,  November  6th,  1896. 

The  President,  E.  T.  Newton,  F.R.S.,  in  the  Chair. 

Messrs.  Thomas  Leslie  and  Edwin  Sloper  were  elected  Mem- 
bers of  the  Association. 

A  conversational  evening  was  held,  and  the  following  is  a  list 
of  the  exhibitors  and  their  exhibits  : — 
The    Director-General    of    the    Geological    Survey  : — 

General  Geological   Survey   Map  of    England  and   Wales 

(Index  Maps,  4  miles  to  i  inch).  Sheets  2,  4,  5,  8  and  10, 

being  advance  copies  of  the  Sheets  completing  this  Map. 
Mr.  E.  T.  Newton,  F.R.S.  ; — Four  cases  of   Flint   and  other 

Implements  from  various  localities. 
Mr.  J.  D.  Hardy  : — Model  and  Photograph  of  Mare  Crisium  in 

the  Moon. 
Rev.  Prof.  J.  F.  Blake: — Implements  of  Agate   from   Kathi- 

awar ;  **  Golden  Oolite  "  from  Cutch. 
A  Morlev  Davies: — Echinocaris  whidbornei  from  Barnstaple, 

and  other  fossils. 
Miss   Raisin  : — Granites   from  the  Vosges ;  Agates  and   Pyro- 

merides  from  N.  Wales  ;  Dolomitic  Conglomerates  from  the 

Mendips. 
Prof.   T,  G.  BoNNtY,  M.A.,  D.Sc,  F.R.S. :— Glaciated  Permo- 

Carboniferous  Rocks  from   S.    Australia ;    Riebeckite    anc^ 

Felsite  from  Drift  near  Dublin ;  Schists  from  the  Alps. 
Mr.   F^REDK.  Chapman  : — MoUusca  from  the  Tufa  deposits  of 

Blashenwell. 
Mrs.   Robert    Elliott  : — I^rge   series    of    Flint    Implements 

(Neolithic)  from  Warren  Hill,  Suffolk. 
Mr.  Benjamin  Harrison  : — Series  of  Eolithic  Implements  from 

the  Plateau  Gravels  of  Kent ;  exhibited  and  explained  by 

Dr.  Frank  Corner. 
Mr.  J.    Slade  : — Cone    in   cone   from    Merthyr ;    Quartz    and 

Dolomite  with  Millerite ;  Beryl  in  quartz  from  Sweden. 
Mr.  DiBLEY  : — Ptychodus  from  the  Chalk  of  Burham. 
Mr.  A.    E.    Salter  : — Samples    of    Gravels   from   Devon    and 

Dorset ;  Radiolarian  Chert,  etc. 
Mr.    H.  W.    MoNCKTON  : — Series  of  Photographs  of  geological 

localities  visited  by  the  Association. 
Dr.  A.  Mitchell  : — A  series  of  pieces  of  granite,  all  of  peculiar 

shape,  and  apparently  worked  and  used  as  stone  weapons  ; 

from  a  gravel  deposit.  Cape  Breton,  Nova  Scotia. 
Mr.  CooMARA-SwAMY  : — Photographs  taken    during   Excursions 

of  the  Association. 
Mr.   G.   G.   F.   Brown  : — Fossils    from    the    Oldhaven    Beds, 

Beckenham ;  and  from  the  Upper  Chalk  of  Kenley. 
May,  1897.] 
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Mr.  Hy.  Prestok  : — Upper  Lias  Gasteropoda  from  Grantham. 
Mr.   Gwinnell: — Series  of  Garnets  and  Zeolites,   and  other 

Mineral  Specimens. 
Mr.   G.   E.   W.   CoLENUTT: — Clupea  vectensis^   and   Reptilian 

remains  from  the  Oligocene  of  the  Isle  of  Wight. 
Mr.  Bedford  McNeill  : — Fossils  collected  on  the  Excursions. 
Mr.  H.  A.  Allen  : — Crystal  of  Corundum. 
Mr.   Upfield    Green  : — Series  of  Devonian  fossils  from  the 

Rhine  Provinces. 
Mr.  R.  S.  Herries  : — Large  series  of  Ammonites  from  the  Lias 

of  Yorkshire. 
Mr.  F.  A,  Bather  : — Uintacrinus  from  Westphalia. 
Dr.  A.  W.  RowE : — .A  series  of  remains  of  Uintacrinus  from  the 

Chalk  of  Margate. 
Miss  Foley  : — Rock  specimens  from  the  Rhine  Provinces. 
Mr.  John  Tervet  : — Plant  remains  from  the  Carboniferous  of 

Lothian  ;  a  diagrammatic  classification  of  Igneous  Rocks. 
Mr.  W.  W.  Watts  :  —A  series  of  Albums  of  Photographs  pre- 
served by  the  Geological   Photographs  Committee  of  the 

British  Association. 
Mr.  George  Smith  : — Rock  sections  under  the  microscope. 

ORDINARY  MEETING. 

Friday,  December  4TH,  1896. 

The  President,  E.  T.  Newton,  F.R.S.,  in  the  Chair. 

The  following  were  elected  Members  of  the  Association : 
F.  G.  Collins,  W.  Penhale,  Miss  Partridge,  W.  A.  Brend,  E. 
Marsh,  G.  A.  Stonier,  W.  E.  Harrison,  and  W.  T.  Tucker. 

A  paper  was  read  "On  the  Foraminifera  of  the  Thanet 
Beds  of  Pegwell  Bay,"  by  R.  Holland  and  H.  W.  Burrows, 
A.R.LB.A. 

Mr.  Newton  exhibited  specimens  of  Tercbrahda  grandis  from 
the  Crag  of  Sudbourne. 

Mr.  Upfield  Green  exhibited  some  Cornish  Elvans. 

ORDINARY  MEETING. 
Friday,    January    ist,   1897. 

The  President,  E.  T.  Newton,  F.R.S.,  in  the  Chair. 

The  following  were  elected  Members  of  the  Association : 
H.  E.  Cooke,  E.  E.  L.  Dixon,  R.  Tervet,  F.  Todd,  T.  Parker, 
and  L.  H.  Cooke. 

Mr.  A.  E.  Salter  and  Dr.  E.  Johnson  were  elected  auditors. 

A  paper  was  read  by  Professor  T.  G.  Bonney,  F.R.S.,  "On 
the  Petrology  and  Physical  History  of  the  Alps." 
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ANNUAL    GENERAL    MEETING. 

February  sth,  1897. 

E.  T.  Newton,  F.R.S.,  President,  in  the  Chair. 

Messrs.  G.  £.  Dibley  and  H.  S.  Kennard  were  appointed 
Scrutineers  of  the  ballot. 

The  following  Report  of  the  Council  for  the  year  1896  was 
then  read : — 

THE  numerical  strength  of  the  Association  on  the  31st  of 
December,  1896,  was  as  follows : — 

Honorary  Members 15 

Ordinary  Members — 

a.  Life  Members  (Compounded)  .  .163 

d.  Old  Country  Members  (5s.  Annual  Subscription)         7 
r.  Other  Members  ( I  OS.  Annual  Subscription).         .     348 

Total  533 

During  the  year  thirty  new  members  were  elected,  of  whom 
two  subsequently  withdrew.  The  Council  regrets  that  the  Asso- 
ciation lost  seven  members  by  death  :  Sir  Joseph  Prestwich,  Prof. 
A.  H.  Green,  Capt.  Marshall  Hall,  Wm.  Brockbank,  G.  P.  Coch- 
rane, Dr.  A.  T.  Brett,  Miss  E.  Faust.  Sir  Joseph  Prestwich,  the 
Nestor  of  British  geology,  had  been  for  ten  years  an  honorary 
member  of  the  Association ;  although  his  advanced  age  prevented 
his  attendance  at  your  meetings,  nevertheless  many  of  you  have 
pleasant  recollections  of  visiting  him  at  his  hospitable  home  at 
Shoreham,  near  Sevenoaks,  while  he  will  be  gratefully  remem- 
bered by  his  bequest  of  a  set  of  the  Palaeontographical  Society's 
monographs  to  your  Library.  Prof.  Green,  who  was  for  many 
years  an  officer  of  the  Geological  Survey,  and  afterwards  succeeded 
Professor  Prestwich  as  Professor  of  Geology  at  Oxford,  will  live 
in  your  memories  chiefly  by  his  Memoirs  on  the  Yorkshire  Coal- 
Field,  and  his  Physical  Geology^  which  will  stand  for  all  time 
as  an  able  exposition  of  dynamical  geology.  Capt.  Marshall  Hall 
was  a  well-known  figure  at  your  meetings,  and  had  but  shortly 
before  his  death  been  labouring  to  collect  information  upon 
glacial  geology,  for  which  his  long  experience  as  an  Alpine 
climber  had  especially  fitted  him.  Dr.  Brett  was  a  most  regular 
attendant  at  your  excursions,  especially  the  Long  Excursion.  His 
iamiliar  form  and  voice,  and  kind,  genial  face  will  be  much  missed 
by  his  many  friends. 
May,  1897.] 
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Ihe  income  of  the  Association  for  1896,  omitting  that  for 
the  Record  of  Excursions  and  Paris  Basin^  was  J[y2i\  7s.  7d., 
a  slight  increase  on  last  year's  figures,  while  the  expenditure  was 
^£^250  IS.  7d,  which  is  considerably  in  excess  of  last  year.  This 
amount,  however,  includes  the  sum  of  J[fi  15s.  for  the  purchase 
of  the  new  lantern,  which  is  really  in  the  nature  of  an  invest- 
ment, and  will,  it  is  hoped,  materially  reduce  next  year  the  item 
of  attendance,  etc.,  in  connection  with  the  evening  meetings,  on 
which  the  principal  increase  in  expenditure  has  taken  place.  This 
is  due  to  the  fact  that  the  lantern  was  used  on  twice  as  many 
evenings  as  the  year  before,  all  of  which,  except  one,  were  occa- 
sions before  our  new  lantern  came  into  use.  It  is  believed,  how- 
ever, that  these  illustrative  evenings  are  much  appreciated,  and, 
as  has  been  pointed  out,  the  expense  will  be  much  diminished 
by  using  our  own  apparatus  in  future.  It  will  be  seen  that  a  sum 
of  jQij  1 6s.  8d.  (which  has  since  been  paid)  was  due  to  the 
printers  for  the  Index,  etc.,  of  Volume  XIV.  The  balance  car- 
ried forward,  ;£26  is.  lod.,  was  more  than  enough  to  have  paid 
this  account  if  it  had  come  in  in  time,  but  it  was  not  as  a  matter 
of  fact  included  in  the  estimates  for  1896,  as  at  the  time  they 
were  prepared  the  Editor  expected  to  bring  out  the  new  Index, 
etc.,  with  Part  I  of  the  new  volume. 

During  the  year  the  usual  five  numbers  of  Proceedings  have 
been  published,  consisting  of  232  pages  of  text,  with  eleven  plates 
and  thirty-four  other  illustrations.  You  have  to  ihank  the  authors 
contributing  to  your  Proceedings,  even  more  than  usual,  for 
enabling  this  exceptional  number  of  plates  to  be  published.  You 
are  indebted  to  your  late  President,  General  McMahon,  for  Plates 
VIII,  IX,  and  X,  illustrating  his  presidential  address;  to  Mr.  W. 
H.  Hudleston  for  the  map  of  India  (Plate  VII)  and  the  other 
illustrations  to  his  paper ;  to  Mr.  Monckton  for  Plate  XI ;  and  to 
Mr.  Nicol  Brown  for  the  illustrations  to  his  paper.  With  the 
November  number  were  issued  the  Title-Pages,  Contents,  and 
Index  to  Vol.  XIV,  which  is  thus  completed. 

In  addition  to  the  before-mentioned  bequest  by  Sir  Joseph 
Prestwich  of  a  complete  set  of  the  annual  volumes  of  the  mono- 
graphs of  the  Palaeontographical  Society,  the  Library  has  con- 
tinued to  increase,  mainly  by  the  addition  of  the  publications  of 
other  Societies.  The  long  time  during  which  the  binding  of 
serials  was  allowed  to  get  into  arrear  has  led  to  many  of  the  sets 
becoming  defective.  Much  of  the  arrear  of  binding  has  now 
been  made  up,  and  it  is  hoped  that  the  generosity  of  other 
Societies  will  enable  many  of  the  defective  sets  to  be  completed. 

A  new  catalogue  of  the  books  in  the  Library  has  been  pre- 
pared, and  will  be  printed  shortly. 

The  fact  that  the  Library  of  the  Association  is  not,  under 
present  circumstances,  as  useful  to  the  Members  as  it  ought  to  be 
has  long  been  felt  by  the  Council.     The  authorities  of  University 
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College  have  always  readily  granted  to  the  Association  such 
facilities  as  are  in  their  power,  but  it  is  impossible  that,  while  the 
Library  remains  where  it  is,  such  constant  access  to  the  books  can 
be  obtained  as  can  alone  render  the  Library  of  real  utility  to  the 
Members  at  large.  With  this  aim  in  view,  and  with  the  object  at 
the  same  time  of  retaining  to  the  Association  the  property  in  and 
the  control  over  their  Library,  Mr.  George  Potter,  who  was  one  of 
the  Founders  of  the  Association,  and  has  devoted  considerable 
attention  to  this  subject,  moved  the  Resolution  printed  below  at 
a  very  full  meeting  of  the  Council  on  December  4th.  The 
Resolution  was  seconded  by  Miss  Raisin  and  carried  unani- 
mously, and  was  as  follows  : 

"That  the  Trustees  of  the  Geologists*  Association  be  em- 
powered to  enter  into  an  agreement  with  the  Public  Library 
Commissioners  of  the  Parish  of  St.  Martin-in-the-Fields  to 
deposit  the  Library  of  the  Geologists'  Association  for  five  years 
on  loan  in  the  Reference  Library  of  the  said  Commissioners 
at  Charing  Cross ;  the  condition  of  such  deposit  being  that  the 
Members  of  the  Association  shall  have  the  right  of  access  to, 
and  subject  to  the  Library  Regulations  of  the  Association,  of 
borrowing  the  books,  pamphlets,  etc.,  at  any  time  that  the 
Library  of  St.  Martin  is  open  to  the  public,  the  books,  etc., 
being  available    for    reference    only    to    non-members    of  the 

Association;    and  that  an  honorarium  of  a    year    be 

paid  by  the  Association  to  the  Librarian  of  St.  Martin  Public 
Library  ;  and  that  such  agreement  be  renewed  at  the  end  of  such 
period  of  five  years,  unless  either  party  shall  have  given  notice 
to  the  contrary  twelve  months  before  the  expiration  of  such 
period." 

If  the  contemplated  arrangement  can  be  carried  out,  the 
central  position  of  St.  Martin,  combined  with  the  fact  that 
the  Library  will  be  practically  at  all  times  accessible  to  the 
Members,  will,  it  is  thought,  enable  the  Association  for  the 
first  time  to  fully  enjoy  the  use  of  their  Library,  while  it  will 
remain  as  much  the  property  of  the  Association  as  hitherto.* 

In  the  early  days  of  the  Association  a  small  collection  of 
geological  interest  was  brought  together,  but  as  it  was  impossible 
to  duly  care  for  and  attend  to  the  specimens,  your  Council, 
acting  under  the  old  Byelaw  xviii,  removed  in  1892  certain 
fragile  specimens  to  the  British  Museum  and  to  the  Museum 
of  Practical  Geology.  The  remainder  were  stowed  away  again 
until  1894,  when  a  report  upon  them  was  obtained  and  con- 
sidered, and  finally,  in  1895,  J'  was  decided  by  the  Council, 
that  for  the  better  preservation  and  usefulness  of  the  specimens 
they  should  be  presented  to  other  institutions.  This  has  now 
been  accomplished,   and    a  selection  was    first  taken    by    the 

*  Such  an  agreement  has  been  signed  and  sealed,  and  arrangements  are  now  proceeding 
to  carry  it  into  eflfect. — [C.  Davies  Sherborn,  Hon.  Sec.,  May  7ih,  1897.! 
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authorities  of  University  College ;  certain  crinoids  were  selected 
by  the  British  Museum,  and  the  remaining  specimens  were  given 
to  the  Whitechapel  Free  Library. 

The  following  is  a  list  of  the  papers  read  at   the  evening 
meetings: 


4t 


On  the  Lake-basins  of  Lakeland,"  by  J.  E.  Marr,  F.R.S. 

**  On  some  Structural  Characters  of  the  Granite  of  the  Himalayas/'  being 
the  address  of  the  retiring  President,  General  McMahon.  F.G.S. 

*•  Pebbly  Gravel  from  Goring  Gap  to  the  Norfolk  Coast,"  by  A.  E. 
Salter,  B.Sc.,  F.G.S. 

"Some  Pleistocene  Ostracoda  from  Fulham,"  by  Fredk.  Chapman, 
r  .R.M.S. 

••On  the  Physical  Geology  of  Purbeck,"  by  Aubrey  Strahan,  F.G.S. 

••  On  the  Brachiopoda  of  the  Skiddaw  Slates,*' by  J.  Postlethwaite,  F  G.S. 

••  On  the  Palaeozoic  Rocks  of  West  Somerset  and  North  Devon,"  by  Dr. 
Henry  Hicks,  F.R.S  ,  Pres.  G.S.,  with  an  appendix  "On  the  Fossils  of  the 
District,"  by  Rev.  G.  F.  Whidborne.  F.G.S. 

••  Notes  on  the  Trias,  Rhsetic,  and  Lias  of  West  Somerset,"  by  the  Rev. 
H.  H.  WiNWOOD,  F.G.S. 

•*  On  the  Foraroinifera  of  the  Thanet  Sand  of  Pegwell  Bay,"  by  H.  W. 
Burrows,  A.R.LB.A.,  and  Richard  Holland. 

A  lecture  was  delivered  by  Prof.  John  Milne,  F.R.S.,  on 
"  Brady  seisins,  Earthquakes,  and  other  Movements  of  the  Earth's 
Crust,"  on  June  5th ;  and  a  demonstration  with  the  lantern  was 
given  on  April  loth  by  W.  F.  Gwinnell,  F.G.S.  and  Henry 
Preston,  F.G.S.,  of  photographs  taken  during  the  excursions  of 
the  Association. 

Your  thanks  are  due  to  all  these  gentlemen. 

A  conversazione  was  held  in  November,  when  many  objects 
of  geological  interest  were  exhibited  by  members  of  the  Associa- 
tion.    A  fall  account  will  be  found  in  the  Proceedings. 

The  following  Museums  were  visited  in  1896  : 

March   14th. — The   Geological  Galleries  of  the   Briiish    Museum  (Natural 

History),  Cromwell   Road,  when  a  demonstration  on  Fossil  Fishes  was 

given  by  Mr.  A.  Smith  Woodward,  F.L.S.,  F.G.S. 
May  9th. — ^The  Chingford  Museum,  at  Queen  Elizabeth's  Hunting  Lodge, 

Chingford. 
June  13th. — The  Reading  Museum. 
July  26th. — The  Museum  of  the  Somersetshire  Archaeological  and  Natural 

History  Society. 

The  following  is  a  list  of  the  excursions  made  during  the  past 
year.  Detailed  reports  will  be  found  in  parts  8  and  10  of  the 
Proceedings,  vol  xiv : 

DATE.  PLACE.  DIRECTORS. 

March  28th.  Galley  Hill,  near  North-    The    President   (E.  T. 

fleet,   and    Swanscomb        Newton,    F'.R.S.),   F. 
Hill.  C.  J.  Spurrell.F.G.S., 

and  H.  Stopes. 
April  3rd  to  7th  (Easter).     Swanage,   Corfe    Castle,    W.      H.      Huddleston, 

Kimeridge,  etc.  F.R.S.,  Rev.  Owen  L. 

Mansel,  and    H.   W. 
Monckton,  F.G.S. 
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DATE. 
April  1 8th. 

April  25th. 

May  2nd  (whole  day). 
May  oth. 

May      23rd      to     26th 
(Whitsuntide). 

June  6th  (whole  day). 

June  13th. 

June  20th. 

July  4th. 

July  nth  (whole  day). 

July  1 8th  (whole  day). 


PLACE. 


The  Zoological  Gardens. 


Hendon. 

Dorking  and  Leith  Hill. 
Chingford    and    Epping 

Forest. 
Chippenham,  Kellaways, 

Cfalne  and  Corsham. 


Tattingstone   Crag    Dis- 
trict of  Suffolk. 

Reading. 


Hitchin. 


Potter's  Bar  and  Hatfield. 

New  Railway,  Catesby, 
Nort  hunts. 

New  Railway,  Notting- 
ham and  Leicester. 


July  27th  to  August  1st 
(Long  Excursion). 


West       Somerset 
North  Devon. 


and 


DIRECTORS. 

The  President  (E.  T. 
Newton,  F.R.S.),  and 
F.E.Beddard,  F.R.S. 

H.  Hicks,  M.D.,  F.R.S., 
Pres.  Geol.  Soc. 

Thos.  Leighton,  F.G.S. 

T.  V.  Holmes,  F.G.S. 

Rev.   H.   H.  Winwood, 

M.A.,     F.G.S.,     and 

H.      B.      Woodward, 

F.G.S. 
The    President   (E.   T. 

Newton,  F.R.S.),  and 

E.  P.  Ridley  F.G.S. 
J.H.Blake,  KG.S.,and 

H.     W.     Monckton, 

F.G.S. 
W.    Hill,    F.G.S.,    and 

H.     W.     Monckton, 

F.G.S. 
A.     E.     Salter,     B.Sc, 

F.G.S. 
Beeby  Thomson,  F.C.S., 

F.G.S. 
G.  Elmsley  Coke  O^te 

Lieut.   K.   N.),   Prof. 

J.    W.    Carr,     M.A., 

F.G.S.,  and    W.   W. 

Watts,  M.A.,  F.G.S. 
H.  Hicks,  M.D.,F.R.S., 

Pres.  G.S.,  Rev.  H .  H . 

Winwood,     M.A., 

F.G.S.,    and     J.     G. 

Hamling,  F.G.S. 


The  interest  of  members  in  the  excursions  of  the  Association 
during  the  past  year  has  been  fully  maintained. 

Your  thanks  are  due  to  the  directors  of  the  excursions,  also  to 
the  following  ladies  and  gentlemen  for  assistance  and  hospitality  : 

Mr.  J.  Hoyle,  and  Mr.  and  Mrs.  Stopes,  at  Swanscomb ;  Mr. 
W.  Brindley,  F.G.S.,  at  Swanage;  Dr.  and  Mrs.  Hicks,  at 
Hendon;  Mr.  William  Cole,  F.L.S.,  at  Chingford;  Mr.  H. 
Herbert  Smith,  at  Calne ;  Mr.  George  Hancock,  at  Corsham  ; 
Mr.  Caleb  Webber,  at  Kellaways ;  Mr.  Thos.  Holloway,  at 
Chippenham ;  Mr.  W.  Keeble  and  Mr.  Cuthbert,  at  Tatting- 
stone ;  Messrs.  Sir  Douglas  and  Francis  Fox,  Mr.  D.  L. 
Hutchison,  Messrs.  Oliver  &  Co.,  and  Mr.  H.  A.  Attenborough, 
at  Catesby ;  Mr.  E.  Parry,  Mr.  H.  Lovatt,  and  Messrs.  Logan  and 
Hemmingway,  on  July  i8th  ;  and  to  Sir  A.  Acland  Hood,  BarL, 
the  directors  of  the  North  Devon  Athenaeum,  and  Mr.  W. 
Bidgood,  on  the  Long  Excursion,  as  well  as  to  the  Council  of  the 
Zoological  Society  for  free  admission  to  their  gardens  on 
April  1 8th. 
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Your  thanks  are  also  due  to  Sir  Archibald  Geikie,  D.Sc, 
D.CL.,  LL.D.,  F.R.S.,  Director  General  of  the  Geological  Survey, 
for  the  presentation  of  sheets  21,  26,  27,  of  the  old  edition,  and 
of  sheets  329,  342,  343  of  the  new  edition  of  the  Geological  Map 
of  England,  and  of  sheet  12  of  the  Index  Map  of  England 
geologically  coloured. 

As  mentioned  in  the  last  annual  report,  it  was  felt  that  some 
division  of  labour  in  the  management  and  arrangement  of  the 
excursions  of  the  Association  was  very  necessary,  and  the  work 
during  the  past  year  has  accordingly  been  in  the  hands  of  the  fol- 
lowing committee :  H.  W.  Monckton  (chairman),  H.  A.  Allen, 
R.  S.  Herries,  T.  I^ighton,  E.  P.  Ridley,  W.  P.  D.  Stebbing,  and 
A.  C.  Young. 

Your  thanks  are  due  to  the  members  of  this  committee  for  the 
trouble  they  have  taken  and  for  the  able  way  in  which  they  have 
carried  out  the  business  arrangements,  upon  which  the  success  of 
the  excursions  so  largely  depends ;  and  it  is  recommended  that 
this  committee  be  reappointed  as  soon  as  the  new  Council 
meets 

Your  thanks  are  due  to  the  Council  of  University  College  for 
the  continued  advantages  they  offer  you  in  the  use  of  rooms,  and 
to  Mr.  Horsburgh,  the  Secretary  to  the  College,  for  his  courtesy 
and  assistance. 

There  are  many  changes  in  your  House  List.  Dr.  G.  J. 
Hinde  and  Mr.  T.  V.  Holmes  retire  from  the  list  of  Vice-Presi- 
dents and  from  the  Council  Mr.  Morley  Davies  retires  from  the 
Editorship  of  your  Proceedings.  Miss  Raisin,  Mr.  A.  C. 
Young,  and  Mr.  B.  B.  Woodward  retire  from  your  Council.  Your 
thanks  are  due  to  all  of  these  for  the  assistance  they  have  ren- 
dered in  carrying  out  the  work  of  the  Association,  and  more 
especially  to  Mr.  Morley  Davies,  who  has  edited  your  Proceed- 
ings for  four  years,  carrying  out  a  difficult  and  onerous  task  wiih 
energy,  punctuality,  and  success.  The  presence  of  a  lady  repre- 
sentative upon  the  Council  has  proved  so  advantageous  in  the 
past  that  it  is  hoped  the  vacancy  caused  by  the  retirement 
of  Miss  Raisin  will  be  again  filled  by  the  election  of  a  lady 
member. 

Finally,  your  Council  submits  the  name  of  Professor  T.  G. 
Bonney,  to  whom  geological  science  generally  and  yourselves  in 
particular  are  so  much  indebted,  as  an  honorary  member. 

The  names  of  those  suggested  by  your  Council  to  fill  the 
vacant  offices  will  be  found  on  the  ballot  paper. 

On  the  motion  of  Dr.  Henry  Woodward,  seconded  by  Mr. 
R.  Elliott,  the  Report  was  adopted  as  the  Annual  Report  of  the 
Association. 

The  scrutineers  reported  that  the  following  were  duly  elected 
as  Officers  and  Council  for  the  ensuing  year : 
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President  : 
E.  T.  Newton,  F.R.S. 

Vice-Presidents  : 


Prof.  T.  G.  Bonney»  F.R.S. 
Thomas  Leighton,  F.G.S. 


Lieut.-Gen.  C.  A.  McMahon,  F  .G.S. 
George  Potter,  F.R.M.S. 


Treasurer : 
R.  S.  Hemes,  F.G.S. 

Secretary  : 
C.  Davies  Sherborn,  F.G.S. 

Excursion  Secretary  : 
Horace  W.  Monckton,  F.L.S.,  F.G.S. 

Editor  : 
H.  A.  Allen,  F.G.S. 

Librarian  : 
Wheatley  J.  Atkinson,  F.G.S. 

Other  Members  of  Council: 


H.  W.  Burrows,  A.R.I.B.A. 
Geo.  C.  Crick,  A.R.S.M.,  F.G.S. 
A.  Morlev  Davies,  B.Sc,  F.G.S. 
Henry  Fleck. 

Miss  Mary  C.  Foley,  B.Sc. 
J.  D.  Hardy,  F.R.M.S. 


John  Hopkinson,  F.L.S.,  F.G.S. 

Prof.  Raphael  Meldola,  F.R.S. 

F.  W.  Rudler,  F.G.S. 

A.  E.  Salter,  B.Sc. 

W.  W.  Watts,  MA.,  F.G.S. 

Wm.  Whitaker,  F.R.S. 


On  the  motion  of  Mr.  Richard  Holland,  seconded  by 
Colonel  Stiffe,  the  thanks  of  the  Association  were  unanimously 
voted  to  the  officers  and  members  of  Council  retiring  from  office, 
to  the  auditors,  and  to  the  scrutineers. 

The  President  then  delivered  his  annual  address,  entitled 
"On  the  Evidence  for  the  Existence  of  Man  in  the  Tertiary 
Period." 

On  the  motion  of  Mr.  Wm.  Whitaker,  seconded  by  Dr. 
Henry  Woodward,  it  was  unanimously  resolved  that  the 
President's  address  be  printed  in  full. 

This  terminated  the  Annual  Meeting. 
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THE  EVIDENCE    FOR   THE    EXISTENCE   OF 
MAN    IN    THE    TERTIARY    PERIOD. 

By  E.  T.  NEWTON,  F.R.S,,  F.Z.S.,  F.G.S. 
[BttMg  tJu  PrttidenHal  Addrtss  delivettd  FebrMory  siA,  1897.] 

IT  was  the  late  Professor  Agassiz  who  said  that  "  whenever  a 
new  and  startling  fact  is  brought  to  hght  in  science,  people 
first  say,  '  it  is  not  true,'  then  that '  it  is  contrary  to  religion/  and 
lastly  *  that  everybody  knew  it  before.' " 

Flint  implements  have  certainly  been  no  exception  to  this 
nile,  as  \fe  all  know.  It  is  more  than  two  centuries  since  the  first 
paleolithic  flint  implement  was  found  in  the  gravel  in  Gray's  Inn 
l^e,  London  (1690),  and  just  over  100  years  since  many  others 
were  found  at  Hoxne  in  Suffolk  (1795),  ^^^  ^^^  importance  of 
(bese  discoveries  was  not  appreciated  until  many  years  later. 

I  may  say  in  passing  that  my  colleague,  Mr.  Clement  Reid,  has 
'^ntly*  done  an  admirable  piece  of  work  in  determining  the 
relation  which  the  Hoxne  Palaeolithic  deposit  bears  to  the 
Boulder  Clay. 

It  is  now  fifty  years  since  M.  Boucher  de  Perthes  t  first  pub- 

^'shed  his  account  of  the  flint  implements  found,  with  remains  of 

^mmoth  and  other  extinct  mammalia,  in  the  gravels  of  the 

^^ley  of  the  Somme,  he  believing  the  implements  to  have  been 

'^^de  by  man.     It  was,  however,  many  years  before  geologists 

^ere  inclined  to  accept  his  conclusions. 

In  the  year  1858  the  discovery  of  implements  in  Brixham  Cave, 
**^^e  by  Falconer,  Prestwich,  and  Pengelly,  induced  Dr.  Falconer 
^o    visit  the  collection  of  M.  Boucher  de   Perthes,  and  in  the 
same  year  Sir  Joseph  Prestwich,  accompanied  by  Sir  John  Evans, 
^ent  to  the  valley  of  the  Somme,  and  was  satisfied  that  the  imple- 
tt^ents  found  there  in  the  river  gravels  were,  like  those  of  the 
^^ves,  of  human  workmanship  and  contemporaneous  with  the 
^ower  gravels  and   with  the  Mammoth.      This  verification    of 
^^rlier  discoveries  was  made  known  to  the  scientific  world  in 
^^59;  and  from  that  time  onward  the  facts  that  (i)  man  was 
^contemporaneous  with  the  Mammoth,  and  (2)  that  he  manufac- 
tured flint  implements,  have  become  more  and  more  generally 
^cepted,  until,  at  the  present  time,  it  would  be  difficult  to  find 
anyone  who,  having  paid  attention  to  the  subject,  doubts  either 
<>f  these  two  propositions. 

It  being  well  established  that  man  existed  in  later  Pleistocene 
times,  that  is  to  say,  after  the  great  Glacial  period,  we  are  natur- 
ally interested  to  know  whether  this  was  his  earliest  appearance, 
or  whether  his  advent  was  before  that  time  of  extreme  cold ; 
in  other  words,  did  man  exist  on  the  earth  in  what  we  know  as 
the  Tertiary  period  ? 

•Bfii.  Assoc.  Rep.,  189^. 

t  Antiquitis  Celtiqtus^  vol.  i,  1847. 
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Much  evidence  has  been  brought  forward  which,  if  correct 
would  prove  that  man  was  present,  not  only  in  the  Pliocene,  oi 
latest  Tertiary  period,  but  also  in  the  somewhat  earlier  times  o 
the  Miocene. 

This  evidence,  however,  is  not  so  satisfactory  as  could  b< 
wished ;  and  notwithstanding  that  it  is  accepted  by  severa 
continental  anthropologists  as  proving  the  existence  of  man  ir 
the  Tertiary  period,  yet  it  has  been  severely  criticised  in  thij 
country,  and  is  not  accepted  by  our  masters  of  the  science.  Si: 
John  Evans  has  on  several  occasions  said  that  the  evidence  foi 
Tertiary  man  is  incomplete.*  Prof.  W.  Boyd  Dawkinst  an( 
Prof.  T.  McKenny  Hughes  %  bave  expressed  the  same  opinion 
which  was,  I  believe,  held  also  by  the  late  Sir  Joseph  Prestwich 
unless  indeed  we  must  except  the  Kentish  plateau  implements 
which  he  thought  might  be  of  Pliocene  age.§ 

Within  the  last  few  years  several  important  additions  have 
been  made  to  our  knowledge  respecting  the  antiquity  of  man. 
and  it  seems  to  me  that  the  time  has  come  when  it  will  b< 
profitable,  as  well  as  interesting,  to  review  the  information  whicfc 
has  been  presented  to  us  as  "Evidence  of  the  Tertiary  Age  of  Man.' 
This  evidence  consists  in  the  reputed  discovery  of  human  bones, 
or  of  objects  showing  human  handiwork,  in  strata  of  Tertiary 
age. 

The  difficulties  which  beset  this  inquiry  will  be  appreciated 
by  all  who,  with  unprejudiced  minds,  have  endeavoured  to  weigh 
the  evidence ;  and  the  necessary  facts  are  so  frequently  wanting 
that  there  is  often  a  tendency  for  us  to  become  satisfied  witt 
incomplete  evidence.  It  will,  therefore,  be  well  for  us,  at  the 
outset,  to  remember  the  three  points  to  which  Sir  John  Evans 
has  called  attention,  on  which  the  evidence  must  be  quite  cleai 
before  it  can  be  accepted  as  definite  proof. 

1.  The  remains  must  be  undoubtedly  human,  or  definitely  the 
result  of  human  handiwork. 

2.  The  evidence  must  be  conclusive  as  to  the  remains  bein§ 
contemporaneous  with  the  beds  in  which  they  were  found. 

3.  The  age  of  the  bed  itself  must  be  certain. 

Another  difficulty  meets  us  at  the  present  time,  which  is  that 
we  have  to  judge  without  seeing  the  specimens  or  the  places 
where  they  were  found.  || 

*  Evans,  rrmu.  Hert.  Nat.  Hist.  Soc.,  1875,  p.  187,  and  /5fV^,  1880,  p.  X45.    Addresses, 
Cfo/.  Sac.f  Feb.,  1875,  and  Brit.  Assoc.  Rep.t  Anthropology,  1890. 
t  Brii,  Assoc.  Kep.^  Anthrop.,  1882. 

I  Victoria  Institute  lecture. 

§  A  paper  on  "  Tertiary  Man  "  was  read  before  this  Association  by  Mr.  J.  B.  M.  Flndlay, 
in  Marco,  x8o^ 

II  This  aadress  was  illustrated  by  numerous  slides  shown  in  the  lantern  by  the  oxy< 
hydrogen  light.  Some  of  these  illustrations  Dr.  Garson  was  good  enough  to  lend  ;  and  twc 
views  of  the  spot  where  the  Burma  flints  were  found,  were  admirably  reproduced  at  ver) 
short  notice  by  Mr.  W.  W.  Watts,  from  photographs  taken  by  Dr  Noetling  and  kindly  leni 
by  Prof.  T.  Rupert  Jones ;  Mr.  H.  Stupes,  also,  was  kind  enough  to  give  a  phot<^rapb  ol 
the  carved  Crag  shell.  To  all  these  gentlemen  and  to  other  friends  who  rendered  valued  hel( 
the  President  desires  to  return  his  wannest  thanks. 
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In  the  year  1867  the  AbW  Bourgeois  made  known*  his  dis- 
covery of  chipped  and  burnt  flints,  which  he  believed  to  be 
of    human  origin,  in  beds  of  Lower  Miocene  age  at  Thenay,  near 
Tours,  in  France ;  and  in  1872  he  again  brought  the  matter  before 
tfee  Congress  at  Brussels. f    The  Abb^  was  quite  satisfied,  not 
ozsly  that  the  flints  showed  the  handiwork  of  man,  but  also  that 
they  were  really  from  Miocene  beds ;  he  was  not  able,  however, 
to   convince  all  who  saw  the  specimens  that  such  was  the  case. 
After  the  Abb^*s  paper  was  read  fourteen  members  of  the 
ingress  examined  the  flints  then  exhibited ;  of  these  gentlemen, 
t^ine  expressed  the  opinion  that    some  of   the  flints  showed 
tinman  work,  while  five  were  unable  to  see  any  traces  of  such 
^w^ork.    According  to  M.  Gabriel  de  Mortillet,  however,  it  was 
tliose  gentlemen  who  were  expert  in  flints  who  accepted  them  as 
showing  human  work.     Judging  from  the  published   figures  of 
tViese  flints,  some  certainly  appear  to  be  the  result  of  man's 
handiwork,  and  the  crackled  surface  of  others  looks  much   as 
if  they  had  been  subjected  to  the  action  of  fire.     M.  Mortillet,  J 
^hose  experience  in  these  matters  carries  no  little  weight,  was 
satisfied  both  as  to  the  human  work  and  also  that  the  crackled 
appearance  was  due  to  fire.      Under  these  circumstances  one 
can  scarcely  doubt  that  some  of  the  flints  had  been  manipulated 
by  man. 

With  regard  to  the  age  of  the  beds,  in  which  these  flints  were 
said  to  have  been  found,  there  seems  to  be  no  question,  it  being 
generally  admitted  that  they  are  of  Miocene  age.  The  section  of 
^e  strata  at  Thenay  given  by  the  Abb^  includes  nine  different 
^h  the  uppermost  one.  Bed  9,  being  Alluvium  (or  Quaternary), 
while  all  those  below  are  regarded  as  Miocene ;  the  greater  num- 
"^  of  the  chipped  flints  being  from  Bed  3,  which  is  below  the 
stratum  in  which  Acerotherium  occurs. 

As  much  doubt  had  been  expressed  as  to  these  flints  having 
•^^n  found  in  situ — seeing  that  they  were  from  a  railway  cutting 
^"d  a  river  bank,  and  might  have  been  derived  from  the  surface, 
^pcfe  similar  flints  were  known  to  occur — the  Abbe  had  a  special 
P^  sunk,§  where  flints,  said  to  be  both  worked  and  burnt,  were 
'OUnd  at  a  depth  of  about  13  feet  from  the  surface,  and  under 
^nditions  which  precluded  the  idea  of  their  coming  from  the 
surface.  The  validity  of  this  proof  was  maintained  by  Mortillet 
in  1885.11  Here,  then,  we  have  what  seems  to  be  definite 
evidence  as  to  the  worked  flints  being  of  Miocene  age ;  but  Prof. 
Haynes,  of  the  United  States,  who  visited  Thenay  in  1877  and 
studied  the  specimens  under  the  guidance  of  the  Abbd  Bourgeois, 
says  "  none  of  the  flints  from  the  Tertiary  beds  of  Thenay  are 

*  CoHgris  I nitmaii&nal et Anthropologies  Paris,  1867,  p.  67. 

t  Confi.  Intern,  Antkrop,^  1872,  p.  8x. 

X  Le  Prefuttoriqnt  Aniiqmti  de  VHomme^  1883,  p.  85. 

§  Bull,  Soc.  Giol.  Froftce^  1869,  p.  901. 

!]  Le  Prthistorique  AtUiq,  Homme ^  p.  94. 
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trae  flakes,  although  such  flakes  do  occur  there  upon  the  surface 
of  the  ground." 

When  those  who  have  seen  the  original  specimens  and  the 
place  where  they  were  found  hold  such  difTerent  opinions  regard- 
ing them,  it  is  scarcely  possible  for  us  to  come  to  any  definite 
conclusion,  for  eVen  if  we  accept  some  of  the  flints  as  showing 
human  work,  there  remains  the  possibility  of  these  particular  ones 
having  been  derived  from  superficial  deposits.  Unfortunately  we 
have  no  figures  of  the  specimens  which  were  found  in  the  pits 
dug  by  the  Abb^  Bourgeois.  There  is  still  another  point :  the 
flints  which  seem  most  likely  to  have  been  worked  are  suspiciously 
like  Neolithic  forms. 

Under  these  circumstances,  however  probable  it  may  seem  to 
some  of  us  that  these  worked  flints  are  of  Tertiary  age,  we  can 
hardly  do  otherwise  than  follow  Sir  John  Evans,  and  say  "  Not 
proven"* 

As  far  back  as  the  year  i860  M.  Ribeiro  discovered  worked 
flints  in  the  Tagus  Valley,  which  were  said  to  have  come  from 
beds  of  Pliocene,  or  perhaps  Miocene,  age;  but  it  was  in  i872t 
that  he  gave  an  account  of  his  discoveries,  which  were  not  well 
received.  The  Abb^  Bourgeois  did  not  think  that  any  of  the 
flints  showed  human  work,  although  Sir  A.  W.  Franks  was 
inclined  to  accept  some  of  them. 

In  1878  a  number  of  these  flakes  were  exhibited  in  the 
Anthropological  section  of  the  Paris  Exhibition,  and  were 
examined  by  M.  Mortillet,  who  pronounced  twenty-two  of  them 
to  be  the  work  of  man,  and  believed  them  to  be  of  Tertiary  age. 
Much  doubt,  however,  was  felt  as  to  the  amount  of  reliance  that 
could  be  placed  in  the  discovery. 

In  1880  the  Congress  of  Anthropologists  met  at  Lisbon,  and 
the  locality  of  Otta,  where  the  flints  had  been  found,  was  visited 
by  several  of  the  members,  when  one  flake  was  found  in  situ,  but 
unfortunately  it  was  by  no  means  clear  that  this  showed  signs  of 
work.  A  committee  had  been  appointed  to  investigate  these  dis- 
coveries, which  included  the  names  of  Cappellini,  Cotteau,  Evans, 
Mortillet,  Virchow,  Villanova,  and  others.  A  lively  discussion 
took  place,  J  but  the  result  was  not  decisive ;  the  majority  accepted 
many  of  the  flints  as  showing  intelligent  work,  but  it  was  not 
proved  satisfactorily  that  these  came  from  Tertiary  beds ;  so  many 
of  the  flakes  seem  to  have  been  found  on  the  surface. 

It  was  during  the  discussion  upon  the  report  of  the  com- 
mittee that  Prof.  Cappellini  spoke  strongly  in  favour  of  this 
evidence  for  Tertiary  Man,  and  alluded  to  Sir  John  Evans  as 
"  the  little  St.  Thomas."  M.  Villanova,  referring  to  this  remark 
of  Prof.  Cappellini,  said  "not  only  is  there  a  little  St.  Thomas 

*  Brti.  Assoc.  HeA't  Anthrop.,  iPoo. 

t  Cpn^.  Intern.  Anthrop.^  Brussels,  p.  95. 

t  S«e  Report  for  1880,  pub.  1882. 
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present,"  but  he  could  assure  them  "  the  great  St  Thomas  "  was 
there  also,  for  he  himself  doubted  the  existence  of  Tertiary  Man 
in  toto. 

As  in  the  Thenay  discoveries  so  in  those  in  the  Tagus  Valley, 
there  are  grave  elements  of  doubt ;  and  although  there  was  a 
general  feeling  at  the  Lisbon  meeting  that  this  might  eventually 
prove  to  be  a  genuine  instance  of  Tertiary  Man,  yet  it  was  pretty 
clear  that  the  case  had  not  been  definitely  proved. 

In  1869  M.  Tardy  *  found  a  worked  flint  in  a  conglomerate 
under  a  lava  flow,  which  is  stated  by  M.  B.  Rames  to  be  of  Upper 
Miocene  age,  at  Puy  Coumy,  near  Aurillac,  Auvergne.  There 
seems  to  be  no  doubt  as  to  this  being  a  genuine  worked  flint,  for 
it  is  accepted  by  M.  de  Mortillet  f  and  by  Sir  John  Evans,  J  but 
unfortunately  the  specimen  seems  to  have  been  found  near  the 
surface  of  the  ground  and  in  a  position  where  it  may  easily  have 
been  derived  from  Quaternary  deposits;  moreover  the  flint 
resembles  flakes  which  are  not  uncommon  in  those  more  recent 
beds. 

Some  years  later  (1877)  M.  B.  Rames  obtained  a  number  of 
small  flints  from  the  same  locality,  and  apparently  from  lower 
down  in  the  beds  which  contain  Mastodon^  Dinotherium^  and 
Hipparion ;  and  subsequently  §  gave  an  account  of  the  geology  of 
the  neighbourhood  of  Puy  Coumy.  M.  Mortillet  accepts  these 
flints  as  showing  intelligent  work,  ||  and  they  are  said  to  resemble 
pointed  flakes  of  acknowledged  artificial  origin,  a  statement  which 
the  figure  seems  fully  to  justify.  Here,  however,  we  are  met 
with  the  usual  difliculty :  was  this  specimen  and  those  accepted 
by  M.  de  Mortillet  actually  found  in  situ  ?  and  upon  this  point 
there  is  some  uncertainty.  Evidently  the  Puy  Courny  flakes 
found  in  situ  are  not  such  as  to  convey  conviction  to  all  minds, 
for  M.  Marcelin  BouleT  looks  upon  them  as  merely  resulting 
from  the  erosion  of  an  ancient  river;  Prof.  Haynes  does  not 
accept  them,**  nor,  apparently,  does  Sir  John  Evans. 

The  occurrence  of  chipped  flints  in  Pliocene  beds  at  Yenang- 
foung  Oilfields,  in  Burma,  was  made  known  in  1894  by  Dr.  Fritz 
Noetlmg.ff  In  a  ferruginous  conglomerate,  containing  remains  of 
Rhinoceros  perimensis,  and  Hipparion  antilopinum,  which  is  over- 
^d  by  4,620  feet  of  Pliocene  strata.  Dr.  Noetling  came  upon 
some  chipped  flints,  partly  imbedded  in,  and  projecting  from,  the 
conglomerate.  The  largest  and  most  important  of  these  flakes  is 
^ut  i\  inches  in  length,  and,  judging  from  the  figures,  certainly 
appears  to  be  the  result  of  human  workmanship,  although  it  may 

*  Bull.  Soc.  Anthrof.,  1869,  p.  705. 

t  Pnhist.  Antiq.  Hommt^  1883,  p.  97, 

1  Trans.  Hert.  Nat,  His.  Soc.,  vol.  i,  1880,  p.  149. 

I  Maihnaujc,  vol.  xviii,  p.  400,  1884. 

II  Prthisi,  Antiq,  Homme,  1883^  p.  96. 

\  Retnu  Antkrep.,  ser.  iii,  vol.  iv,  p.  217. 

••  Wright,  Man  andtkg  Glacial  Period,  Appendix,  p.  317. 

tt  Record*  Geol.  Surv,  India^  vol.  xxvii,  part  3,  p.  xoi,  1894. 
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be  doubted  whether  the  smaller  ones  are  anything  more  than 
natural  fractures. 

With  regard  to  the  age  of  the  beds  from  which  these  flints  are 
said  to  have  been  derived,  we  cannot  go  beyond  the  opinion 
expressed  by  Dr.  Blanford,*  and  accepted  by  Dr.  Noetling,  that 
they  are  most  probably  of  Pliocene  age. 

Dr.  Noetling  specially  considers  the  probability  of  the  flints 
having  been  found  {in  situ\  and  says :  "  To  the  best  of  my  know- 
ledge they  were  found  in  situ.  The  exact  spot  ...  is  on  the 
steep,  eastern  slope  of  a  ravine,  high  above  its  bottom ;  but  below 
the  edge,  in  such  a  position  that  it  is  inconceivable  how  the  flints 
should  have  been  brought  there  by  any  foreign  agency." 

This  discovery  seems  to  me  strong  evidence  for  the  presence 
of  man  in  late  Tertiary  times,  and  Prof.  Rupert  Jonesf  in  his 
notice  of  this  discovery  accepts  the  evidence. 

There  is,  however,  another  side  to  this  question  which  must 
not  be  left  out  of  sight.  Mr.  R.  D.  Oldham,  of  the  Geological 
Survey  of  India,:{;  having  visited  the  locality  with  Dr.  Noetling, 
says  that  the  flints  were  found  on  the  surface  in  a  thin  coating  of 
ferruginous  gravel ;  and  although  ordinarily  there  would  be  no 
hesitation  in  ascribing  anything  found  in  this  layer  of  loose 
material  to  the  underlying  rock,  it  is  different  with  worked  flints, 
which  if  chipped  by  man  may  have  been  dropped  on  this  surface, 
or  washed  down  from  the  plateau  above,  and  subsequently  have 
become  partly  embedded  in  the  weathered  surface. 

Prof.  Grenville  Cole,§  raises  a  protest  against  Mr.  Oldham's 
extreme  scepticism  ;  seeing  that,  as  he  thinks,  the  probabilities 
are  in  favour  of  man's  existence  in  the  Pliocene  period. 

Prof.  Rupert  Jones  has  kindly  lent  me  some  photographs  of 
the  spot  where  the  flints  were  found,  and  letters  recently  received 
by  him  from  Dr.  Noetling,  in  which  the  latter  speaks  more  posi- 
tively both  as  to  the  flints  being  worked  by  man  and  as  to  their 
really  belonging  to  the  bed  in  which  they  were  partially  embedded.  || 

However,  it  must  be  remembered  that  Mr.  R.  Oldham 
was  not  satisfied  that  the  flints  actually  belonged  to  the  bed  ;  and 
it  is  just  possible,  as  he  has  suggested,  that  they  have  been 
brought  down  from  the  plateau  above,  or  dropped  there  by  man 
himself  at  a  comparatively  recent  period,  and  partially  cemented 
into  the  ferruginous  material  in  which  they  were  found. 

Under  these  circumstances,  it  seems  to  me,  one  cannot  unhesi- 
tatingly accept  this  discovery  as  a  proof  of  the  Tertiary  age  of 
man  in  Burma,  however  much  it  may  increase  the  probability  of 
man's  existence  in  those  early  times. 

There  is  still  another  discovery  of  chipped  flints,  for  which  a 

*  Naiurtf  vol.  li,  p.  608. 

t  Nat.  Science^  Nov.  1894,  p.  345. 

i  Nat.  Sct.f  Sept.  1895,  p.  301. 

9  Nat,  Sci.t  Oct.  1895,  p.  294. 

II  See  Natural  Science t  vol.  x,  1897,  p.  233. 
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Tertiary  age  has  been  claimed,  to  which  attention  must  be 
directed.  The  flints  with  very  rude  chipping,  found  by  Mr. 
Benjamin  Harrison,  of  Ightham,  on  the  high  plateau  of  Kent, 
have  been  the  cause  of  much  discussion,  and  within  the  last  few 
years  have  been  specially  brought  before  our  notice  by  the 
writings  of  the  late  Sir  Joseph  Prestwich.*  Other  papers  on  the 
same  subject  have  appeared  by  Mr.  Lewis  Abbott,t  by  Prof. 
Rupert  Jones,  J  and  by  Mr.  B.  Harrison.  § 

The  greater  number  of  the  plateau  chipped-flints  have  been 
found  upon  the  surface  of  the  ground,  and  many  of  the  lighter 
coloured  ones  are  so  similar  to  implements  of  an  acknowledged 
palaeolithic  type,  and  the  intentional  chipping  is  so  evident,  that 
they  can  be  accepted  at  once  as  showmg  human  workmanship  ; 
hut  as  they  were  found  upon  the  surface  of  the  ground  it  is  quite 
possible  they  may  be  of  Palaeolithic  age.  But  with  these  accepted 
implements  are  others  of  a  dark  brown  colour,  showing  chipping 
of  such  a  rude  character  that  many  persons  are  unable  to  see  in 
them  any  evidence  of  human  work. 

Now,  these  brown   flints,  it  is   said,  are  derived  from   the 

Plateau  gravel,  which  Sir  Joseph  Prestwich   refers  to  a   much 

^lier  date  than  the  beds  which  have  hitherto  yielded  palaeolithic 

"nplements.     If,  then,  these  brown,  rudely-chipped  flints  are  of 

fhe  Same  age  as  the  Plateau  gravel,  and  are  truly  worked,  we  have 

jj  them  evidence  of  a  race  of  men  more  ancient  than  Palaeolithic 

r^y  and,  according  to  some,  possibly  of  Pliocene  age.     The 

"'terest  attaching  to  these  brown  flints  is,  therefore,  great ;  and 

'or  this  very  reason  all  the  circumstances  relating  to  the  discovery 

^^^t  be  critically  examined. 

In  the  first  place.  Do  these  brown  flints  really  show  human 
^ork  ?  It  must  be  admitted  that,  even  to  the  eye  of  an  experi- 
^^ed  judge  of  flint  implements,  many  of  them  are  far  from  pos- 
^^ing  that  undoubted  evidence  of  design  which  would  by  itself 
^^^^  conviction  of  their  being  human  workmanship.  Not  only  is 
^  chipping  very  primitive,  but  the  chipped  edges  are  in  many 
^^ses  almost  worn  away. 

When  I  first  had  the  opportunity  of  examining  some  of  these 
tudely-chipped  flints  I  was  quite  unable  to  see  any  evidence  of 
human  work  upon  them,  and  it  was  not  until  the  Geologists' 
Association  visited  Mr.  Harrison,  and  he  had  spread  out  before 
us  a  very  large  number  of  specimens,  that  I  began  to  appreciate 
how  the  forms  which  at  first  seemed  meaningless  were  intention- 
ally formed.  A  single  specimen  such  as  that  figured  by  Sir  J. 
Prestwich,  II  especially  if  somewhat  worn,  did  not  at  first  convey 

j^jfi'^^'/^'^'  Geoi.  Soc.,  vol.  xlv,  p.  270,  1880 ;    iiid.t  vol.  xlvii,  p.  126,  1891 ;   Joum, 
f  v         '  ^°^"  ***♦  ^^'  '  ^"^  *"  Controverted  Questions  0/ Geoiogy^  1895. 
I  j^^^raJ  Science,  vol.  iv,  p.  257,  1894. 
I  B-^    ^xf<v  I^e/.,  1894.  a"^  Naturai  Science,  vol.  v,  p.  269,  1894. 

II  c2f:  '^"^-  ^'^-  Jp*w»ch,  P  349. 1895. 

'"^^'ot'erted  Questions  in  Geo/oiy,  plate  12,  fig.  41. 
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the  idea  of  human  intent,  but  when  an  extensive  series  was  laid 
before  us,  all  of  the  same  type,  one  could  not  resist  the  feeling 
that  they  had  been  intentionally  made  of  this  hollow  form  ;  and 
a  close  examination  of  the  chipping  confirmed  this  impression. 
And  again,  when  this  series  was  continued  by  others  more  and 
more  worn,  one  was  led  to  the  conviction  that  many  other  flints 
which  at  first  seemed  shapeless  were  really  denuded  examples  of 
the  same  type. 

Most  of  the  forms  figured  by  Sir  Joseph  Prestwich  are  illus- 
trated by  numerous  specimens  in  the  possession  of  Mr.  Harrison. 

At  the  present  time,  I  believe  that  the  majority  of  those 
persons  who  have  carefully  examined  these  brown,  chipped  fiints, 
acknowledge  that  some  at  least  of  them  show  evidence  of  human 
work ;  and  I  think  I  am  right  in  saying  Sir  John  Evans  accepts 
some  of  them.  Mr.  F.  C.  J.  Spurrell,  Mr.  W.  Cunnington,  and 
Mr.  Worthington  Smith  appear  to  be  unable  to  accept  any  of 
them  as  the  work  of  man. 

We  now  come  to  the  second  point.  Did  these  brown, 
chipped  flints  really  come  from  the  Plateau  gravel  ? 

All  the  earlier  specimens  were  picked  up  on  the  surface  of  the 
fields,  and  might  have  been  brought  there  at  any  time  subsequent 
to  the  deposition  of  the  underlying  gravels ;  and  it  was  not  until 
1895  that  they  were  met  with  at  any  depth  below  the  surface. 
Some  few,  it  is  true,  had  been  got  from  shallow  pits  which  had 
now  and  again  been  dug  in  the  surface  soil ;  but  these  could  not 
be  accepted  as  good  evidence.  In  order,  therefore,  to  settle  this 
question  the  British  Association  made  a  grant  to  defray  the 
expenses  of  a  special  excavation,  and  this  was  carried  out  under 
the  direction  of  Mr.  B.  Harrison,  at  Parsonage  Farm,  Stanstead. 

Several  pits  have  now  been  dug  at  this  spot,  and  in  each  of 
them,  under  about  2^  feet  of  humus  and  3I  feet  of  grey  loam, 
a  bed  of  gravel  was  met  with,  which  yielded  a  number  of  dark- 
brown,  chipped  flints  like  those  previously  collected  on  the  surface. 
There  is  no  longer  any  doubt  that  brown,  chipped  flints  occur  at 
a  depth  of  7  feet  or  8  feet  at  Stanstead  Parsonage  Farm ;  and  the 
chipping  of  many  of  these  flints  is  believed  to  be  the  result  of 
human  work.  One  pit  was  excavated  to  a  depth  of  26  feet,  but 
below  8  feet  only  Tertiary  sands  and  pebbles  were  met  with. 

At  this  point  we  meet  with  a  difficulty.  Is  the  gravel  met 
with  at  a  depth  of  8  feet,  at  Stanstead  Parsonage  Farm,  really 
undisturbed  Plateau  gravel  ?  And  this,  I  think,  requires  further 
investigation,  for  the  clay-with-flints,  exposed  to  a  depth  of  about 
10  feet  somewhat  higher  up  the  slope,  is  of  a  very  different 
character ;  no  brown,  chipped  flints  seem  to  have  been  found  in 
it,  but  it  contains  many  large,  unworn,  unbroken,  and  light- 
coloured  flints. 

In  the  third  place.  What  is  the  age  of  these  Plateau 
gravels  ? 
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Sir  Joseph  Prestwich  studied  this  question  very  carefully,* 
and  the  section  he  gives  from  the  Thames,  near  Northfleet,  south- 
ward to  Oldbury  Hill,  shows  that  at  about  half-a-mile  south  of  the 
Thames  the  Chalk  forms  an  escarpment  of  from  80  to  100  feet 
above  O.D.,  and  is  here  capped  by  gravel  rich  in  palaeolithic 
implements,  and  yielding  also  extinct  mammalia.  Further  south, 
at  Swanscomb  Hill,  the  Chalk  is  overlaid  by  Tertiary  beds,  and 
at  an  elevation  of  320  feet  gravel  occurs.  From  the  surface  of 
this  gravel  Mr.  Spurrell  obtained  a  palaeolithic  implement.  Still 
further  southward  the  Chalk  is  not  covered  by  Tertiary  beds,  and 
rises  gradually  to  the  neighbourhood  of  West  Yoke,  where,  at  a 
height  of  460  feet,  it  is  covered  by  the  Plateau  gravel,  which  con- 
tinues as  far  south  as  Terry's  Lodge,  where  the  Chalk  attains  a 
height  of  700  feet,  and  forms  the  southern  escarpment  of  the 
North  Downs.  Still  passing  southwards,  the  Upper  Greensand, 
Gault,  and  Lower  Greensand  are  met  with  cropping  out  from  be- 
neath the  Chalk  ;  the  Gault  forming  a  valley,  and  the  Lower  Green- 
sand rising  on  the  south  to  a  height  of  600  feet  at  Oldbury  Hill. 

It  is  in  or  upon  this  Plateau  gravel  that  the  rudely-chipped 
dark-brown  flints  occur,  at  elevations  of  between  400  and  700 
feet.  With  these  implements  unworked  flints  of  a  dark  colour 
are  likewise  found,  and  with  them  occasionally  pieces  of  chert, 
Oldbury-stone,  and  ragstone. 

Sir  Joseph  Prestwich  contends  that  this  Plateau  gravel  is 
older  than  the  High  terrace-gravel  of  Milton  Street  (100  ft.  O.D.) 
and  other  localities  of  similar  elevation ;  first,  because  of  its 
greater  elevation,  and  secondly,  because  it  contains  fragments 
of  rock  which  could  only  have  been  derived  from  the  Lower 
Greensand  hills  to  the  south,  and  that  at  a  time  when  the  valley 
which  now  intervenes  was  not  excavated.  In  other  words,  since 
the  pieces  of  chert  and  ragstone  were  able  to  pass  over  from 
the  Lower  Greensand  on  to  the  Chalk  plateau,  sufficient  time 
must  have  elapsed  to  allow  of  the  denudation  of  the  now  inter- 
vening valley,  and  this  must  indicate  a  very  prolonged  period ; 
and  was,  according  to  Sir  Joseph  Prestwich,  long  before  the 
deposition  of  the  terrace  gravels  (at  100  ft.),  in  which  the 
ordinary  palaeolithic  implements  have  been  met  with. 

The  same  authority  has  maintained  that  these  Plateau  gravels 
must  have  been  deposited  after  the  earlier  Pliocene  period  as 
represented  by  the  Lenham  beds,  and  before  the  excavation  of 
the  valleys  of  this  district,  which  he  believed  was  accomplished 
in  Glacial  times. 

Although  this  theory  of  the  origin  and  age  of  the  Plateau 
gravels  is  accepted  by  many  geologists,  some  regarding  them  as 
of  Pliocene  age,  there  are  others,  among  those  most  competent 
to  judge,  who  think  these  gravels  may  have  had  a  more  recent 
origin,  and  may  be  of  late  Pleistocene  date. 

*  Qnari,  Jourm,  Geoi,  Soc,,  vol.  xlvii,  p.  126,  189 1. 
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Moreover,  this  gravel  varies  at  different  places,  and  it  may  well 
be  that  this  is  indicative  of  diversity  of  origin.  As  I  have  already 
mentioned,  the  gravel  at  Parsonage  Farm,  in  which  the  brown 
flints  were  found,  differs  from  the  red  clay-with-flints  met  with 
higher  up  the  slope. 

The  results  of  this  inquiry  regarding  the  Plateau  chipped 
flints  may  be  summed  up  thus  : 

1.  Some  of  the  rudely-chipped,  brown  flints  have  been  worked 
by  man. 

2.  Brown  flints  worked  by  man  occur  at  a  depth  of  7  to  8  feet 
at  Parsonage  Farm,  Stanstead ;  but  it  is  not  quite  certain  that 
this  deposit  is  undisturbed  Plateau  gravel. 

3.  The  Pliocene  age  of  these  Plateau  gravels  is  by  no  means 
certainly  established,  and  consequently  worked  flints  which  may 
be  found  in  them  cannot  be  accepted  as  definite  proof  of  Tertiary 
Man. 

Mr.  Lewis  Abbott  has  given  us,  in  the  February  number  of 
Natural  Science^  an  account  of  some  chipped  flints  which  he  has 
discovered  in  the  "  Forest  Bed  *'  of  Cromer,  a  deposit  which  is 
regarded  as  the  latest  of  our  Tertiary  strata.  Some  of  these 
flints  were  found  in  the  bed  itself  and  others  on  the  beach  near 
by ;  but  they  all  show  a  peculiar  chipping  which  Mr.  Abbott 
believes  to  be  the  handiwork  of  man.  I  have  had  the  opportunity 
of  seeing  some  of  these  specimens,  but  I  cannot  feel  satisfied 
that  they  show  artificial  chipping.  Some  experts  are  said  to  accept 
these  flints  as  showing  genuine  human  work,  but  Sir  John  Evans 
speaks  very  doubtfully  about  them.  It  is  too  early  to  speak 
positively  about  this  discovery,  which  may  ultimately  prove  to  be 
correct ;  but  I  do  not  think  we  are  yet  in  a  position  to  say  that 
it  is  a  proof  of  the  existence  of  Tertiary  Man. 

We  have  now  to  turn  our  attention  to  evidence  of  a  somewhat 
different  kind,  that  is  to  say,  to  the  bones,  teeth,  and  other  fossils, 
which  are  supposed  to  have  been  incised  or  otherwise  manipulated 
by  Man  in  Tertiary  times. 

The  Abbe  Bourgeois  in  1867  •  called  attention  to  a  discovery 
which  had  just  been  made  by  the  Abb^  Delaunay.  It  appears 
that  bones  of  Halitherium  had  been  found,  in  beds  of  Miocene 
age,  near  Pouance,  Maine  et  Loire,  showing  deep  incisions,  and  these 
it  was  thought  had  been  made  by  man  in  hacking  off  the  flesh. 

Scratched  bones  and  flints,  supposed  to  be  the  work  of  man, 
were  described  by  M.  Desnoyerst  from  the  Pliocene  beds  of 
Saint  Prest,  near  Chartres;  they  were  again  noticed  in  1867  J 
by  the  Abb^  Bourgeois,  who,  however,  could  not  accept  either 
the  scratched  bones  or  the  flints  as  showing  anything  but  natural 
and  accidental  markings. 

*CoHj^.  Intern.  Anikrop.^  Paris,  1867,  p.  74. 
+  Comptes  renduSf  1863,  p.  1077. 
X  Ibid.f  1867,  p.  47. 


EXISTENCE  OF  MAN   IN  THE  TERTIARY  PERIOD.  73 

In  187 1  M.  Farge*  presented  to  the  Geological  Society  of 
France  a  humeras  of  Halitherium  from  the  Faluns  of  Chavagnes- 
les-Eaux,  Maine  et  Loire,  having  incisions  like  those  in  the  bones 
from  Pouanc^,  but  not  so  deep ;  and  these  incisions  he,  follow- 
ing M.  Delfortrie,  attributed  to  the  teeth  of  the  large  sharks 
which  existed  at  the  same  time. 

In  1875  Prof.  Cappellini  of  Bologna  t  found  at  Poggiarone, 
near  Monte  Aperto,  in  the  province  of  Sienna,  the  bones  of  a 
Cetacean  which  were  marked  by  deep  incisions,  and  these  he 
thought  had  been  made  by  man.  These  bones  were  from  beds 
of  about  the  same  age  as  the  Antwerp  Crag.  Prof.  Cappellini 
says  of  these  bones :  "  The  form  of  the  incisions  and  the  place 
where  they  were  found,  witness  in  an  undeniable  manner  to  the 
action  of  some  being  using  an  instrument  or  tool ;  many 
naturalists  and  anatomists  who  have  seen  the  specimens  agree 
with  this."  The  bones  seem  only  to  have  been  cut  on  one  side, 
and  this  is  accounted  for  by  the  supposition  that  the  animal  was 
stranded  in  shallow  water,  and  that  the  flesh  was  cut  ofif  by 
implements  of  flint  or  other  material. 

The  question  of  these  incised  bones  was  brought  before  the 
Anthropological  Congress  at  Budapest  in  18764  when  Sir  John 
Evans  said,  there  was  no  doubt  as  to  the  incisions  being  ancient ; 
but  he  thought  they  were  most  probably  made  by  some  car- 
nivorous fish ;  an  idea  which  had  already  been  suggested ;  a 
similar  opinion  was  expressed  by  others  present  at  the  Congress. 
Subsequently  M.  Magitot  tried  the  experiment  of  attacking  the 
bones  of  a  cetacean  with  the  rostrum  of  a  sword-fish  [?  saw-fish], 
^d,  in  his  opinion,  similar  deep  cuts  were  produced.  Prof. 
Cappellini,  however,  thought  the  incisions  thus  made  differed 
&om  those  found  upon  the  fossil  bones. 

Prof.  W.  Boyd  Dawkins  having  examined  some  of  the  incised 
^es  in  the  museum  at  Florence,  §  thought  that  one  of  them  had 
*^n  partly  cut  through  and  then  broken  ;  but  in  spite  of  the 
mineralised  condition  of  this  specimen  he  doubted  its  being  of 
™iocene  age. 

iTie  result  of  this  controversy  seems  to  be  that  most  of  those 
who  have  examined  the  bones  believe  the  incisions  upon  them 
to  have  been  made  by  some  marine  animal,  and  probably  by  the 
Ji^onster  shark,  Carcharodon  megalodon,  the  teeth  of  which  are 
^ound  in  the  same  beds. 

Some  broken  bones,  found  by  MM.  Garrigou  and  Filhol 
^  in  1864,11  in  Miocene  beds  at  Sansan,  were  supposed  to  have 
*^^  cracked  by  man  in  order  to  extract  the  marrow,  but  they 
^ere  not  accepted  as  such.     And  when  these  specimens  were 

*  Bull,  Soc.  Giol.  Fr.^  s€r.  ii,  vol.  xxviii,  p.  265. 

t  Bull.  Inst  Boloz..  1875,  Atti R.  Accad.  dei  Lincei^  ser.  a,  vol.  iii,  1876. 

:  Vol.  i,  p.  46. 

§  Early  Man.  in  Britain,  p.  91. 
II  Comptes  rendus^  1864,  p.  819. 
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again  brought  forward  in  1871,*  a  similar  opinion  was  expressed 
by  those  competent  to  judge. 

M.  von  Duchert  obtained  from  the  Upper  Miocene  of 
Pikermi,  bones  which  he  thought  had  been  broken  by  man ;  but 
these  again  appear  to  have  been  accidental  fractures,  and  have 
not  been  accepted. 

Prof.  Gastaldi  in  1876  J  gave  an  account  of  a  Mastodon's 
scapula  from  the  Pliocene  of  Pi^mont,  which  showed  a  large  hole 
evidently  made  during  life,  a  deposit  of  bone  around  the  hole 
showing  that  it  was  partly  healed.  This  hole  was  supposed  to 
have  been  made  by  a  Tertiary  man  ;  but  it  is  much  more  likely  to 
have  been  made  by  the  tusk  of  another  Mastodon,  an  explanation 
now  generally  believed  to  be  the  correct  one. 

Our  old  friend,  the  late  Edward  Charlesworth,  brought  before 
the  Anthropological  Institute  in  i872,§some  sharks'  teeth  from 
the  Suffolk  Crag,  which  were  pierced  each  by  a  nicely  rounded 
hole  in  the  middle  of  the  base ;  this  hole  he  believed  to  have  been 
drilled  by  man,  and  he  compared  these  with  the  smaller  sharks' 
teeth,  similarly  drilled  at  the  base,  and  used  by  some  of  the  South 
Sea  Islanders  at  the  present  day,  to  make  very  formidable  weapons. 

I  have  been  unable  to  trace  the  resting-place  of  the  Crag 
bored-teeth,  or  any  published  figures,  but  Mr.  F.  W.  Rudler 
possesses  a  water  colour  drawing  of  one  of  them  made  under  the 
direction  of  Mr.  Charlesworth,  and  this  seems  to  be  a  tooth  of 
Oxyrhina  xiphodon, 

Mr.  Charlesworth  was  well  acquainted  with  the  borings  of 
molluscs,  which  are  so  common  in  Red  Crag  bones,  but  these  he 
thought  were  not  of  the  same  character  as  those  in  the  teeth  he 
exhibited. 

Prof.  T.  McKenny  Hughes,  ||  however,  was  convinced  that 
these  apertures  were  made  by  Lithodomus^  or  some  such  boring 
mollusc,  and  could  not  admit  the  likelihood  of  their  being  due  to 
man.  Prof.  G.  Busk  held  the  same  opinion,  which  is  undoubtedly 
the  correct  one. 

In  the  year  1873,11  Mr.  Frank  Calvert  noticed  some  flint  flakes, 
broken  bones  and  drawings  on  bones  which  were  said  to  have 
been  obtained  from  beds  of  Miocene  age  on  the  shores  of  the 
Dardanelles.  This  led  to  a  hot  discussion,  it  is  said,  between 
Schlieman  and  Calvert ;  but  the  specimens  seem  never  to  have 
been  produced  by  Mr.  Calvert  in  proof  of  his  statements. 

Mr.  H.  Stopes,  of  Swanscomb,  whose  collection  of  flint 
implements  is  known  to  most  of  our  members,  brought  before 
the   British   Association    in    1881**   a   Red   Crag    shell   found 

•  Cong.  Intern.  Anikrop.^  Bologna,  1871,  p.  130. 
+  Cong.  Intern,  Anthrop.,  Brussels,  1872,  p.  104. 

%  Frammenti  di  Paleoetnologia  itnliana,  Atti  R.  Ace.  Lincet\  ser.  3,  vol.  iii,  p.  497,  1876. 
\/oMm.  Antkro^.  Inst.^  vol.  ii,  p.  91,  1873. 
1]  Geol.  Mag.^  vol.  ix,  1872,  p.  3^7. 
^  Joum,  Antkrop.  Inst.^  vol.  iii,  p.  127. 
••  Brit.  Assoc.  Rep,  x88x,  York,  p.  700. 
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at  Walton-oo-the-Naze,  oo  vlucb  vas  cat  2.  rude  repiesenu- 
tion  of  a  human  fMcc  This  shell  is  still  in  the  possession  of 
Mr.  Slopes,  who  has  kindly  supplied  me  with  a  photograph  of 
it  for  exhibition. 

Mr.  Stopes  is  fiiHy  aware  of  the  doabts  which  exist  as  to  this 
being  really  a  prehistoric  piece  of  human  work,  and  is  willing  to 
have  it  tested  in  every  possible  way.  In  his  pubhshed  account 
he  says :  "  This  shell  was  found  in  the  Crag,  prt^ierly  stratified 
(and  not  in  the  talus),  by  a  gentleman  having  good  knowledge  of 
geology,  who  would  not  be  unable  to  judge  or  know  the  value  of 
marking  well  all  the  surroundings  and  exact  position  of  the  shelL 
Owing  to  a  dislike  of  the  effects  of  the  discover)-,  he  did  not 
publish  it  at  the  time,  and  a  little  while  ago  gave  the  shell 
to  me."    The  gentleman  who  found  the  shell  is  not  now  living. 

There  is  no  doubt  as  to  the  engraving  upon  the  shell  being 
human  work  ;  there  is  no  reason  for  questioning  the  shell  having 
come  from  the  Crag  at  Walton  ;  and  there  is  no  doubt  as  to  these 
beds  being  of  Pliocene  age.  The  one  element  of  doubt  in  this 
case  is  whether  the  shell  was  thus  incised  when  it  was  first 
exhumed  from  the  undisturbed  Crag.  The  evidence  of  the 
finder,  as  stated  by  Mr.  Stopes,  is  clear  enough  ;  but  the  general 
feeling  is  that  he  was  mistaken  as  to  the  shell  being  in  situ 
^^  undisturbed  Crag.  However,  it  must  be  admitted  that  the 
finder  was  himself  satisfied  as  to  the  shell  being  in  sitn  when  he 
came  upon  it 

There  is  another  point  to  be  noticed  :  the  dark  red  shells  from 

if.  ^^»  ^ike  this  one,  when  scratched  and  cut,  are  found  to  be 

^mtt  below  the  surface.     Now,  the  incisions  upon  this  shell  are 

^  nearly  as  possible  the  same  colour  as  the  general  surface  of  the 

SneJl.     Of  course,  the  newly-cut  surface  might  be  painted  ;  but 

^y  experience  is  that  these  shells  do  not  readily  take  water- 

coiour,  which  comes  off  much  more  easily  than  it  is  put  on. 

*Vithin  the  last  week  or  two  I  have  again  examined  this  shell, 
^^  have  tried  to  wash  off  the  colour  of  the  engraved  parts  with 
^^fiti  water  and  with  alcohol ;  but  without  success.  The  colour 
L  ^^e  engraved  portions  is  as  firm  as  that  of  the  rest  of  the 

.    It  is   possible  that,   if   this   shell   had    been   lying  in    the 
^''^ginous  Crag  talus  for  some  months  after  it  was  carved,  the 
J^JT^ing  might  have  become  stained  ;  but  I  have  no  evidence  on 
^*^is  point. 

^dr.  Dalton,  formerly  of  the  Geological  Survey,  who  has  had 
^^  ^Opportunity  of  examining  the  specimen  very  carefully,  is  satis- 
^^^  that  it  is  genuine  ;  and  he  thinks  that  the  sand  grains  which 
*re  ii^  ^he  scratches  could  not  have  been  pressed  into  the  hollows 
f^  they  are,  except  by  pressure  such  as  would  obtain  in  the  Crag  ; 
but  vrith  this  I  can  scarcely  agree. 

I'bere  is  still  another  side  to  this  question.     If  this  shell  was 
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engraved  at  the  time  the  Walton  Crag  was  being  deposited  it  was 
doubtless  a  recent  shell  when  carved,  and  consequently  must  have 
been  much  harder  and  more  difficult  to  engrave,  for  Fectuncuius 
is  exceedingly  hard  and  porcellanous  ;  and  more  than  this,  the 
tool  marks  would  not  be  the  same,  and  therefore  presumably 
would  not  so  nearly  resemble  the  tool  marks  I  made  on  a  Crag 
shell.  It  seems  to  me,  therefore,  much  more  probable  that  this 
shell  was  carved  after  it  had  become  a  Crag  fossil  than  before. 

In  a  letter  lately  received  I  am  told  that  it  was  reported  in  a 
local  newspaper  (probably  Ipswich)  that  a  carved  Crag  shell, 
exhibited  in  the  Ipswich  (?)  Museum,  had  been  carved  by  an 
excursionist  for  amusement  and  afterwards  thrown  away.  I  have 
not  been  able  to  find  this  newspaper  report  so  as  to  verify  this 
statement ;  and  further  than  this,  it  is  not  clear  that  this  report 
referred  to  Mr.  Slopes'  specimen. 

I  am  afraid  there  is  too  much  doubt  hanging  over  this  carved 
Crag  shell  to  allow  us  to  accept  it  as  definite  evidence  of  Tertiary 
Man. 

We  have  now  to  consider  the  human  bones  supposed  to  be  of 
Tertiary  age,  which  have  from  time  to  time  been  made  known. 

In  the  year  1867  Prof.  Arthur  Issel*  gave  an  account  of  the 
discovery  which  had  been  made  about  ten  years  before  of  a 
human  skeleton  in  Pliocene  beds  at  Colle  del  Vento,  near  Savona, 
Gulf  of  Genoa.  These  bones  were  said  to  be  almost  in  their 
natural  relations  and  embedded,  at  a  depth  of  three  metres,  in  a 
compact  clay  containing  great  numbers  of  the  fossil  oysters  which 
are  common  in  the  Pliocene  beds  of  that  district.  No  section  of 
the  strata  was  published  and  only  a  fragment  of  a  jaw  was  figured. 

Prof.  Issel  believed  the  skeleton  to  be  of  the  same  age  as  the 
bed  in  which  it  was  found ;  but  unfortunately  the  exact  condi- 
tions under  which  the  bones  occurred  seem  not  to  have  been 
carefully  examined  at  the  time  of  their  discovery ;  and  it  is  now 
generally  believed  that  the  remains  were  due  to  a  comparatively 
modern  interment. 

At  Castenedolo,  near  Brescia  in  Lombardy,  in  the  year  i860, 
Prof.  Ragazzoni  found  in  Pliocene  beds  a  cranium  and  other 
human  bones  ;  but  at  that  time  they  were  neglected,  the  impres- 
sion being  that  the  remains  were  quite  modern.  Subsequently 
four  other  skeletons  were  unearthed.t  The  finding  of  several 
human  skeletons  in  a  marine  Pliocene  formation,  and  near 
together,  was  to  say  the  least  remarkable,  and  was  accounted  for 
by  one  writer  by  the  supposition  that  this  was  the  result  of  the 
shipwreck  of  a  family  party  in  the  Pliocene  sea.  In  the  absence 
of  very  definite  evidence  as  to  the  condition  of  the  overlying 
earth  it  is  more  reasonable  to  suppose  that  these  bodies  had  been 
interred  at  a  much  later  date,  and  this  is  the  view  now  generally 

•  Cong.  Intern,  Anthrop.,  1867,  p.  75. 

t  See  Sentinella  Brtsciana^  April,  x88o  [I  have  not  'seen  this  paper]  ;  and  Issel,  Bmllf 
Paietn.  Italiatia,  vol.  xv,  p.  89,  1889. 


EXISTENCE   OF   MAN   IN  THE  TERTIARY   PERIOD.  77 

accepted.  M.  Topinard,*  who  had  seen  the  skeletons  and  the 
place  where  they  were  found,  did  not  beheve  them  to  be 
contemporaneous  with  the  Pliocene  beds. 

Prof.  Cocchi,  in  the  year  i867,t  made  known  the  discovery  of 
a  human  skull  and  flint  implement  in  a  railway  cutting  at  Olmo, 
near  Arezzo,  Italy,  which  he  believed  to  be  from  beds  of 
Quaternary  age ;  but  Dr.  Forsyth  Major  J  seemed  to  think  the 
remains  were  of  Pliocene  date  ;  M.  de  Mortillet  §  refers  the  skull 
to  the  Quaternary,  while  Prof.  Boyd  Dawkins||  and  Sir  J.  EvanslI 
look  upon  both  the  skull  and  flint  as  Neolithic.  It  appears  that 
the  remains  were  found  after  a  slip  in  the  sides  of  the  cutting, 
and  although  supposed  to  have  come  from  Pliocene  beds,  fifteen 
metres  from  the  surface,  it  is  by  no  means  clear  from  what  part 
of  the  section  they  really  came. 

In  the  year  1855  a  human  jaw  was  found  by  the  workers 
employed  in  excavating  Coprolites  at  Foxhall  in  Suffolk,  and  was 
purchased  by  Mr.  John  Taylor,  a  chemist  at  Ipswich.  In  1863 
it  was  exhibited  at  the  Ethnological  Society,  and  in  1867  Dr. 
Robert  Collyer  gave  an  account  of  the  specimen  in  The  Anthropo- 
logical  Review^**  and  a  very  amusing  account,  too. 

This  jaw  was  infiltrated  with  oxide  of  iron,  and  was  supposed 
to  have  come  from  the  Coprolite  layer  at  the  base  of  the  Red 
Crag,  but  there  was  no  absolute  proof  of  this.  The  jaw  was 
examined  by  Lyell,  Murchison,  Prestwich,  Owen,  Busk,  Falconer, 
Huxley,  and  others,  but  none  of  them  could  accept  it  as  a  "  Cop- 
rolite bed  "  fossil ;  neither  could  they  see  any  characters  indicative 
of  such  a  great  antiquity.  The  claims  put  forward  for  the  Pliocene 
age  of  this  relic  could  not  be  established. 

The  famous  "Calaveras  skull"  found  in  the  Californian 
auriferous  gravels  must  now  be  noticed.  It  appears  that  since 
the  year  1850  numerous  objects  of  human  manufacture,  in  addi- 
tion to  the  famous  skull,  have  been  found  from  time  to  time  in 
Aese  auriferous  deposits  ;  and  from  these  same  beds,  at  different 
localities,  have  also  been  obtained  bones  and  teeth  of  Mastodon, 
Elephant,  and  Horse.  The  presence  of  Mastodon  and  the 
enormous  amount  of  denudation  which  has  taken  place  since 
the  deposition  of  the  beds  have  led  to  their  being  regarded  as  of 
pocene  age.  The  objects  of  human  worknoanship  which  have 
'^n  found  in  these  same  deposits  are  large  stone  mortars,  with 
stone  pestles,  as  well  as  obsidian  spear  and  arrow  heads,  a  full 
account  of  which  was  given  by  Prof.  Whitney  when  describing  the 
"Calaveras  skull."tt 

•  Rev.  Anthrop.^  ser.  3,  vol.  i,  pp.  563,  and  742,  1886. 

t  Mem.  del.  Soe.  Hal.  Set,  Nat.  Milano,  vol.  iii,  No.  7,  1867. 

2  Soc.  Ital,  Hi  Antkropol.  e.  di  F.tnol,^  April,  1876. 

9  Le  Prik'storique  Antiq,  Homnu^  p.  350. 

II  Early  Man  in  Britain.,  p.  01. 

%  Brit.  Assoc,  Rep..,  1890 ;  Nature,  Sept.,  1890,  p.  507. 

••  Vol.  V,  p.  321. 

tt  Memoirs  Hofvard  Museum  0/ Comparative  Zoology,  vol.  vi,  p.  258,  z88o. 
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The  Calaveras  skull  was  found  in  1866,  and  is  said  to  have 
come  from  the  auriferous  gravel,  about  120  feet  below  the  lava 
Row,  at  Bald  Mountain.  There  is  no  doubt  about  this  being  a 
human  skull,  and  there  is  nothing  in  its  form  to  indicate  any 
great  antiquity ;  indeed,  it  is  acknowledged  to  be  like  the  skulls 
of  American  Indians  now  or  recently  living  in  the  district  In 
the  year  1889  Mr.  M.  A.  Kurtz,*  in  boring  an  artesian  well  at 
Nampa,  Ada  County,  Idaho,  brought  up  in  the  sand  pump  from 
a  depth  of  320  feet,  under  a  similar  lava  to  that  of  Table  Moun- 
tain, a  miniature  clay  image. 

In  1 89 1  Mr.  George  Becker  f  gave  an  account  of  a  very 
perfect  stone  pestle  and  mortar  discovered  by  Mr.  J.  H.  Neale, 
when  driving  the  Montezuma  Tunnel  under  Table  Moun- 
tain. Another  stone  pestle  was  taken  out  by  Mr.  Clarence 
King ;  and  a  stone  mortar  from  the  auriferous  gravels  of  Grass 
Valley,  California,  obtained  by  Mr.  S.  B.  J.  Skertchley,  is 
exhibited  in  the  Museum  of  Practical  Geology. 

The  geological  structure  of  the  Table  Mountains  is  peculiar, 
and  their  general  features  being  similar,  the  description  of  Bald 
Mountain,  where  the  skull  was  found,  will  be  sufficient  for  our 
present  purpose.  According  to  Prof.  Whitney,  the  top  bed  is  the 
black  lava  flow,  which  may  be  40  feet  thick,  and  its  upper 
surface  is  some  2,000  feet  above  the  valley  ;  below  the  lava  are 
found  stratified  deposits  of  alternating  gravels  and  light  lavas  of 
varying  thickness,  but  having  a  total  depth  of  over  100  feet,  and 
evidently  occupying  an  old  river  bed,  cut  in  the  underlying  strata, 
which  consists  of  much  altered  rocks,  probably  of  Secondary  age. 
It  was  from  one  of  the  beds  of  gravel,  about  20  feet  from  the 
bottom  of  the  river  bed,  that  the  skull  was  said  to  have  been 
obtained.  It  is  tolerably  evident  that  a  river  once  flowed  along 
this  old  channel  and  deposited  the  gravel ;  also  that  at  distant 
intervals  lava  flowed  down  and  covered  the  gravels,  this  being 
repeated  until  at  length  the  channel  was  tilled  and  the  river 
diverted  from  its  course.  The  denudation  of  the  land,  not 
covered  by  lava,  continued,  while  the  old  river  gravels  were 
protected  by  their  covering  of  basalt. 

At  the  present  time  the  rivers  which  flow  on  either  side  have 
cut  down  their  valleys  to  nearly  2,000  feet  below  the  old  river 
bed,  which,  with  its  covering  of  basalt,  now  forms  the  top  of  Bald 
Mountain.  It  will  be  obvious,  that  since  the  lower  auriferous 
gravels  were  deposited,  sufficient  time  must  have  elapsed  for  all 
these  events  to  have  taken  place,  including  the  cutting  down 
of  the  valleys  to  2,000  feet. 

Prof.  Whitney  bearing  these  facts  in  mind,  and  knowing  that 
similar  gravels  near  by  had  yielded  Mastodon  and  Elephant 
remains,  regarded  these  auriferous  gravels  as  of  Pliocene  age, 

*  See  Wright,  Man  a$id  tht  Glaefal  Period^  p.  297,  189a. 
t  Bull,  Gtcl,  Spc,  Am,,  vol.  ii,  p.  i9g,  1891. 
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and  consequently  thought  that   the   "  Calaveras  skull "   was  a 
Tertiary  representative  of  Man. 

In  putting  these  Califomian  discoveries  to  the  usual  tests  we 
shall  have  no  trouble  as  to  the  skull  being  human,  nor  as  to  the 
objects  found  being  of  human  workmanship.  The  skull,  as  we 
have  said,  may  well  have  been  that  of  a  comparatively  modern 
American  Indian,  while  the  mortars  and  other  objects  are  like- 
wise of  a  very  recent  type  ;  and  these  facts  must  be  allowed  their 
due  weight  when  a  Tertiary  age  is  claimed  for  the  remains. 

But  now  comes  the  question — Did  the  skull  really  come  from 
the  undisturbed  auriferous  gravel  ? 

Prof.  Whitney  has  shown  strong  reasons  for  thinking  that  it 
l^'d.    Mr.  Mattison,  the  owner  of  the  workings,  is  said  to  have  got 
^f  out  himself,  but  the  evidence  does  not  seem  very  clear  on  this 
P<>'nt,  and  the  discovery  has,  by  many  people,  been  regarded  as  a 
^oax.  With  regard  to  the  earlier  discoveries  of  mortars  and  imple- 
ments there  is  likewise  much  doubt  as  to  their  having  been  found 
'«y/W/,  but  the  instances  cited  by  Mr.  Becker,  and  accepted  by 
^-  G.  F.  Wright,  are  more  satisfactory,  and  it  seems  probable 
"^3t  they  are  truly  from  the  auriferous  gravels. 

In  the  last  place — Is  the  age  of  these  auriferous  gravels  certainly 
«t>wn? 

The  presence  of  Mastodon  remains  we  now  know  is  no  proof 

of  the  Pliocene  age  of  these  deposits,  for  it  is  generally  admitted 

^t  the  genus  continued  to  live  into  Pleistocene  times  in  North 

Am^jica.     And  besides  this,  the  evidence  at  present  adduced 

leaves  it  somewhat  uncertain  whether  the  mammalian  remains 

lo»»ri<i  in  these  beds  may  not  have  been  derived  from  some  older 

"^Posit,  and  if  this  be  so,  then  the  auriferous  gravels  may  be  of 

^W  more  recent  origin,  which  would  accord  much  better  with  the 

^oj^cts  of  human  workmanship  said  to  have  been  found  in  them, 

^  it  would  also  with  the  modern  character  of  the  human  skull 

Itself    Mr.  G.  F.  Becker  thinks  *  that  the  human  remains  were 

cot\t:emporaneous  with  the  extinct  animals,  but  that  the  latter 

listed  to  a  later  period  than  has  been  supposed.     The  large 

aitio\int  of  denudation  which  has  taken  place  since  these  auriferous 

Pavels  were  deposited  certainly  seems  to  point  to  a  vast  lapse  of 

tinae,  but  their  age  is  far  from  being  definitely  settled,  and  Dr. 

G-  ^.  Wright  is  of  opiniont  that  the  glaciation  and  lava  flows  of 

^^ifomia  are  much  more  recent  than  has  been  supposed.     It 

s^nas  likely  therefore  that  after  all  the  age  of  these  gravels  will 

P^ve  to  be,  not  Tertiary,  but  late  Pleistocene,  if  not  indeed,  as 

the  specimens  themselves  would  lead  us  to  expect.  Neolithic. 

However  this  may  be,  we  shall  all,  I  think,  agree  with  Professor 

^yoes,  J  that  it  will  be  well  to  wait  for  better  evidence  before  we 

*  BmiL  Gtol,  Soc,  Am,^  vol.  ii,  p.  189,  1892. 

t  Man  and  the  Glacial  Pttuid^  p.  399. 

X  Appendix  to  Wright,  Man  ana  th€  Glacial  Period ^  p.  374. 
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can  admit  that  the  existence  of  Tertiary  Man  upon  the  Pacific 
Coast  has  been  established. 

Perhaps  the  most  interesting  discovery  which  has  been  made 
for  many  years  in  the  domain  of  Anthropology  is  that  which  was 
published  in  1894  by  Dr.  Dubois,  when  he  first  described  the 
"  Missing  Link."*  In  the  course  of  explorations  which  he  had 
carried  on,  in  search  of  mammalian  remains,  in  the  neigh- 
bourhood of  Trinil,  a  small  farm  on  the  Bengawan  river  in  the 
district  of  Ngawi,  Java,  he  obtained  the  remarkable  skull, 
teeth,  and  femur  to  which  he  gave  the  name  of  Pithecanthropus 
erectus. 

It  will  be  well,  in  the  first  place,  to  notice  the  geological  con- 
ditions under  which  these  remains  were  found.  The  river 
Bengawan  has  cut  its  way  down  into  a  plain  formed  by  a  thick 
deposit  of  sandstone  and  andesitic  tuffs,  and  the  explorations 
were  made  in  beds  below  the  dry  season  level  of  the  river,  and 
some  30  or  40  feet  below  the  level  of  the  plain.  The  section  of 
the  strata,  given  by  Dr.  Dubois  in  his  second  paper,t  shows 
a  considerable  thickness  (25  to  30  feet)  of  soft  sandstone  ;  under 
this  some  3  feet  of  "  Lapilli  rock,"  in  the  lower  part  of  which 
Pithecanthropus  was  discovered ;  and  then  a  stratum  of  con- 
glomerate ;  below  these  again  is  "  Clay  rock,"  resting  upon  an 
eroded  surface  of  Marine  breccia. 

In  all  the  beds  above  the  "  Clay  rock  "  fossil  bones  have  been 
met  with  ;  but  they  are  rare  in  the  conglomerate  and  in  the  upper 
part  of  the  sandstone,  but  numerous  in  the  "  Lapilli  rock,"  in 
which  this  remarkable  skull  was  found.  The  mammalian  bones 
found  in  these  beds  belong  to  such  forms  as  Ekphas^  Stegodon^ 
Bubalus^  Rhinoceros^  Hexaprotodon^  Hycena^  Felis,  etc.,  and  repre- 
sent a  fauna,  allied  to  that  of  the  Sewalik  Hills,  which  is  of  late 
Pliocene,  or  it  may  be  of  early  Pleistocene  age. 

The  parts  of  Pithecanthropus  discovered  are  the  calvaria, 
a  femur,  and  two  teeth ;  these  were  not  found  together,  but  were 
on  exactly  the  same  level,  although  some  distance  apart,  and  there 
is  little  doubt  that  they  belonged  to  the  same  individual. 

In  November,  1895,  Dr.  Dubois  exhibited  the  Pithecanthropus 
remains  at  a  meeting  of  the  Anthropological  Institute ;  and  he 
had  already  shown  them  at  Leyden,  at  Dublin,  and  at  Edinburgh. 
Many  anthropologists  and  anatomists,  therefore,  have  had  the 
opportunity  of  examining  the  original  specimens — a  privilege 
which  it  fell  to  my  lot  to  share.  It  may  be  mentioned  that  these 
bones  are  heavy,  highly  mineralized,  and  of  a  dark  brown  colour, 
similar  to  those  of  the  other  animals  found  in  the  same  deposit ; 
so  that  there  is  no  reason  for  questioning  their  being  of  the  same 
age. 

*  Fithecantkropus  irtciuSy  tint  Menschenathnliche   Utbt^gangsfortn    aut  /«««,  4*, 
Batavia,  1894. 

t  Anat.  Anuigtr^  vol.  xii,  No.  x,  1896. 
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The  calvaria  bears  a  striking  resemblance  to  that  from  the 
Neanderthal,  but  it  is  much  smaller,  the  large  supraciliary 
ridges,  the  narrowness  of  the  region  behind  the  orbits,  and 
the  inflated  parietals  being  much  alike  in  the  two  skulls.  The 
frontals  of  the  Java  skull,  however,  are  even  more  depressed  than 
they  are  in  the  Neanderthal  calvaria.  In  size  the  Java  specimen 
is  intermediate  between  the  skull  of  a  human  being  and  that  of  a 
gorilla,  its  internal  capacity  being  calculated  to  be  about  i,ooo 
cubic  centimetres — the  brain  capacity  of  a  gorilla  being  about 
500  to  600  c.c. ;  that  of  Europeans  averaging  1,400  to 
1,500  C.C  The  femur  believed  to  belong  to  Pithecanthropus 
agrees,  both  in  size  and  form,  with  that  of  a  man. 

There  is  much  diversity  of  opinion  among  anatomists  as  to 

whether  this  Java  skull   is   an  abnormally  small  and  ape-like 

human  skull,  or  an  extremely  large  and  man-like  ape's  skull.*  Dr. 

Dubois  regards  it  as  an  intermediate  form,  and  calls  it   "the 

missing   link."      Prof.   Virchow,   with   others,   seems    to    think 

Pithecanthropus  is  more  nearly  allied  to  the  apes  than  to  man. 

Sir  W.  Turner  is  not  alone  in  regarding  this  Java  skull  as  that  of 

an  abnormal  human  being.     Prof.  Manouvrier,   while  agreeing 

with  Dr.  Dubois  that  Pithecanthropus  is  a  **  missing  link,"  thinks 

that  it  is  nearer  to  man  than  to  the  apes  ;    indeed,  he  would 

place  it  in  the  genus  Homo,  but  in  a  distinct  species. 

If  size  alone  be  considered,  no  doubt  the  gorilla  and  chim- 
panzee are  more  like  man  than  is  any  other  kind  of  ape ;  but  in 
similarity  of  form  it  is  the  much  smaller  gibbon  (Hylobates)  which 
xnakes  the  nearest  approach.  Now,  it  is  pretty  well  agreed  that 
\^%  Java  skull  has  far  more  resemblance  to  that  of  Hylobates  than 
it  has  to  any  of  the  larger  apes ;  indeed,  so  close  is  the  re- 
semblance that  the  skull  and  femur  of  a  Hylobates  of  twice  the 
normal  size  would  agree  in  a  most  remiirkable  manner  with  these 
Javan  remains.  Not  only  would  the  skull  have  very  nearly  the 
same  form,  but  the  brain  capacity  would  be  as  great,  or  perhaps 
somewhat  greater,  than  is  the  calculated  capacity  of  the  Java 
<^:alvaria. 

Dr.  Dubois  has  called  attention  to  the  fact  that  among  the 

inammals  found  in  these  Java  deposits  there  are  several  forms 

similar  to  species  now  living,  but  of  gigantic  size ;  he  particularly 

notices  a  Hysena  and  a  Pangolin.     With  these  facts  before  us  it 

seems  quite  possible  that  we  have  in  Pithecanthropus  a  gigantic 

form  of  Hylobates^   and   possibly  a  progenitor  of  man.      And 

"further,    when    this    skull    is    compared   with    that    from    the 

I^eanderthal,  and  with  the  one  from  Santos  in  Brazil,  recently 

described  by  Dr.  Nehring,t  it  is  difRcult  to  resist  the  conclusion 

that  Dr.  Dubois  was  right  in  speaking  of  Pithecanthropus  as  the 

veritable  "  missing  link." 

*  See  Dubois,  Anat,  Anuiger^  vol.  xii,  No.  x,  p.  14,  2896. 
t   Verkandl.  Berlin  Anthrop.  Gesseilt.^  p.  710,  Nov.,  1895. 
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But  now  we  must  ask  the  question — Can  we  accept  Pithu- 
anthropus  as  a  proof  of  the  existence  of  Tertiary  Man  ? 

If,  as  some  think,  these  Javan  remains  are  human,  we  are  still 
to  some  extent  uncertain  as  to  their  age ;  there  seems  a  possibility 
of  their  being  early  Pleistocene  and  not  Tertiary.  If,  on  the 
other  hand,  the  beds  prove  to  be  of  late  Pliocene  age,  we  are  not 
in  a  position  to  say  positively  that  the  remains  are  human. 

And  again,  if  we  regard  Pithecanthropus  as  a  Simian  pro- 
genitor of  man,  "  the  missing  link,"  a  genuine  Homo  insapiens, 
with  only  a  budding  intellect;  then  it  is  hardly  likely  that  a 
veritable  Homo  sapiens,  a  really  intellectual  human  being,  lived 
at  the  same  time ;  he  in  all  probability  advanced  to  the  sapient 
stage  at  a  later  period.  Of  course  it  is  possible  that  an  early 
insapient  type  may  have  persisted  in  one  area,  while  in  another 
it  advanced  to  the  sapient  stage,  but  this  presupposes  a  still 
earlier  time  for  the  first  appearance  of  the  insapient  form,  and 
for  this,  at  present,  we  have  no  certain  evidence  ;  and  con- 
sequently from  this  point  of  view  the  discovery  of  Pithecan- 
thropus might  be  taken  as  an  item  of  evidence  against  the 
presence  of  "  Man  "  in  the  Tertiary  period. 

I  have  endeavoured  this  evening  to  lay  before  you,  in  an 
impartial  manner,  the  chief  evidence  that  has  been  brought  for- 
ward for  the  presence  of  Man  in  the  Tertiary  Period.  There  will 
doubtless  be  some  difference  of  opinion  as  to  the  value  to  be 
attached  to  various  portions  of  this  evidence ;  some,  following 
certain  continental  anthropologists,  may  be  satisfied  that  Man 
existed  in  Tertiary  times,  while  others  will  feel,  with  the  majority 
of  our  countrymen,  that  there  is  at  present  no  satisfactory  proof 
of  his  presence  at  that  early  period. 

A  definite  settlement  of  the  question  is  much  to  be  desired  ; 
but  we  must  be  careful  not  to  draw  hasty  conclusions,  which 
ascertained  facts  do  not  really  justify.  On  the  whole,  I  think 
there  is  at  the  present  time  more  fear  of  unstable  evidence  being 
accepted  as  proof  than  of  positive  proof  being  ignored  when  such 
is  really  forthcoming.  Not  one  of  the  many  records  that  have 
been  noticed  this  evening  is,  to  my  mind,  conclusive  as  to  the 
existence  of  Man  in  the  Tertiary  Period  ;  but  at  the  same  time. 
It  must  be  admitted,  some  of  the  discoveries  are  so  nearly  proved 
that  there  seems  a  possibility,  not  to  say  a  probability,  of  these 
ultimately  being  found  to  be  correct. 

There  are  so  many  astute  workers  now  on  the  alert,  among 
whom  members  of  the  Geologists'  Association  hold  no  mean 
place,  that  if  Man  really  existed  in  Tertiary  times  we  shall  assur- 
edly before  long  obtain  the  desired  evidence ;  in  the  meantime 
we  must  "  Learn  to  labour  and  to  wait." 
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ORDINARY  MEETING. 
Friday,  February  5TH,  1897. 
President,  E.  T.  Newton,  F.R.S.,  in  the  Chair. 

The  minutes  of  the  previous  meeting  were  read  and  con- 
finned. 

Egbert  Thomas  Sheaf,  Sir  James  R.  G.  Maitland,  Bart., 
^•LS.,  F.G.S.,  and  the  Rev.  Henry  Dawson,  M.A.,  were  elected 
DJembers  of  the  Association. 

There  being  no  further  business,  the  meeting  then  terminated. 


ORDINARY  MEETING. 

Friday,     March     5TH,     1897. 

K  T.  Newton,  F.R.S.,  President,  in  the  Chair. 

The  following  were  elected  members  of  the  Association  : 
Cha^rles  Baron  Clarke,  M.A.,  F.R.S. ;  Henry  Ullyett,  B.Sc, 
FR-CS. ;  Wm.  Chamberlin  Salmon,  John  Wm.  Garnham,  David 
Taylor^  Frederic  L.  Watkins,  Sydney  Newton  Glass. 
^  -^  lecture  was  delivered  by  Prof.  H.  A.  Miers,  F.R.S.,  on 
^^rtie  Properties  of  Precious  Stones." 
^Ir.  GwiNNELL  exhibited  a  metatarsal  of  Dinornis  maximus 
wisx  Canterbury,  New  Zealand. 


ORDINARY  MEETING. 
Friday,    April    2nd,    1897. 
E.  T.  Newton,  F.R.S.,  President,  in  the  Chair. 

Ihe  following  were  elected  members  of  the  Association : 
^'^Os.  Wm.  Shore,  F.G.S.,  Percival  Martin,  Ernest  Machin. 

Mr.  Treacher  gave  some  remarks  on  a  collection  of  Flint 
^"^pleraents  from  Cookham. 

A  paper  was  read  by  George  Dowker,  F.G.S.,  on  "  The 
"^ysical  History  of  Romney  Marsh," 
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ORDINARY  MEETING. 
Friday,    May    yxH,     1897. 
E.  T.  Newton,  F.R.S.,  President,  in  the  Chair. 

The  following  were  elected  members  of  the  Association: 
Capt.  A.  W.  Hicks  Beach,  Henry  Edmonds,  B.Sc,  William 
Creighton,  Frederic  Bernard  Edmonds,  and  James  Francis. 

Mr.  A.  E.  Salter  exhibited  a  neolithic  celt  from  Thornton 
Heath. 

Mr.  W.  W.  Watts,  M.A.,  F.G.S.,  delivered  a  lecture  on 
"Coral  Islands,"  which  was  illustrated  by  the  lantern  and  by 
models  in  coloured  clay.  Some  of  the  results  of  the  recent 
expedition  organised  by  the  Royal  Society  to  put  a  boring 
through  the  atoll  of  Funafuti,  in  the  Pacific,  were  briefly  de- 
scribed, and  a  diagram  shown  of  the  remarkable  slope  of  the 
outside  of  the  reef.  It  was  announced  that  Professor  Edgeworth 
David  was  going  out  to  Funafuti  in  the  hope  of  penetrating  the 
reef  to  a  greater  depth  than  had  been  hitherto  reached. 


VISIT  TO  THE  ROYAL  COLLEGE   OF  SURGEONS. 

Saturday,  March  27TH,  1897. 
Director :  Prof.  Charles  Stewart,  F.R.S.,  M.R.C.S. 

The  Members  were  received  in  the  Entrance  Hall  of  the 
Museum,  at  3  p.m.,  by  Prof.  C.  Stewart,  who  at  once  led  the 
party  through  some  of  the  new  rooms,  and  in  passing  gave  a  very 
pleasing  explanation  of  some  of  the  preparations,  but  entered 
more  fully  into  the  structure  of  the  skeleton.  The  various  forms 
of  human  skulls,  exemplifying  those  discovered  in  ancient  tombs 
and  prehistoric  deposits,  were  especially  dealt  with.  In  the 
Osteological  Gallery  attention  was  directed  to  the  fine  skeletons 
of  the  gigantic  sloths.  Megatherium  and  Mylodon^  and  to  the 
skeleton  of  a  large  Dinornis  recently  acquired. 

In  conclusion,  Prof.  Stewart  made  some  very  interesting 
remarks  on  Evolution,  referring  to  the  skeletons  around  him  in 
explanation. 

After  a  few  words  from  the  President,  thanking  Prof.  Stewart 
for  his  interesting  and  profitable  demonstration,  the  party  dis- 
persed through  the  Museum. 
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VISIT    TO     THE     BRITISH      MUSEUM     (NATURAL 
HISTORY),     CROMWELL    ROAD. 

Saturday,  March  2oth,  1897. 

Director:  Henry  Woodward,  LL.D.,  F.R.S.,  F.G.S. 
(Keeper  of  the  Department  of  Geol<^). 

The  party,  some  sixty  in  number,  were  received  by  the  Director 
in  the  Entrance  Hall  at  3  p.m.,  and,  before  proceeding  to  the 
Geological  Galleries,  Dr.  Woodward  drew  attention  to  the  bronze 
statue  of  Professor  Sir  Richard  Owen,  K.C.B.,  executed  by 
Thos.  Brock,  R.A.,  which  the  Memorial  Committee  have  handed 
over  to  the  Trustees  of  the  British  Museum,  to  be  preserved  for 
ever  in  the  building  which  he  exerted  himself  so  many  years  to 
obtain  for  the  reception  of  the  Natural  History  collections  he  so 
dearly  loved. 

The  work  is  executed  after  photographs  taken  by  Mr.  G.  R. 
De  Wilde  at  the  old  British  Museum.  The  bone  in  his  left 
hand  is  copied  from  the  femur  of  Dinomis^  a  perfect  example  of 
the  fragment  of  bone  which  he  received  in  1837,  and  upon 
which  he  made  the  bold  declaration  that  it  was  the  bone  of  a 
stnithious  bird  larger  than  the  ostrich,  and  that  such  wingless 
birds  would  be  found  in  New  Zealand.  We  now  know  how  that 
prophecy  has  been  fulfilled.  The  name  of  Professor  Owen  will 
^ways  be  a  cherished  memory  with  members  of  the  Geologists* 
Association,  whose  visits  to  the  Museum  he  did  so  much  to 
^e  interesting  and  instructive  to  them. 

Dr.  Woodward  introduced  the  members  to  the  Cephalopod 
^ery,  which  had  been  arranged  almost  entirely  by  Mr.  G.  C. 
Crick,  F.G.S.,  who,  together  with  Mr.  A.  H.  Foord,  was  pre- 
P^g  a  series  of  catalogues  of  this  class.  The  Gallery 
(No.  VII.)  is  entirely  devoted  to  the  Cephalopoda  save  one 
^  which  contains  such  doubtful  forms  as  Conularia^  hitherto 
^erred  to  the  Pteropoda,  but  not  now  considered  to  belong  to 
that  group.  The  first  two  wall-cases  contain  the  Dibranchiata 
(Cuttbfishes,  Squids,  Calamaries,  and  the  Argonaut),  the  first 
tablcKaise  being  intended  to  illustrate  the  chief  points  of  interest 
iQ  the  class,  both  Dibranchiate  and  Tetrabranchiate  forms. 
There  is  also  a  small  case  between  wall-cases  i  and  2  devoted  to 
iHustrations  of  recent  forms,  preserved  in  spirits,  to  show  the 
^ft  jKirts  of  the  animals. 

£ighty-six  diagrams  are  placed  around  the  tops  of  the  wall- 
^^^ses  to  illustrate  the  various  forms  of  shells  peculiar  to  this 
group. 
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upper  part  of  the  hill  is  composed  of  Eocene  Beds,  which  form 
a  small  outlier  about  three-quarters  of  a  mile  long  by  half  a  mile 
in  width,  and  on  them  there  is  a  small  capping  of  drift. 

Three  sections  were  visited,  two  on  the  east  and  one  on  the 
west  side  of  Cowcroft  On  arrival  at  the  first  section,  the 
Director  made  a  few  observations  on  the  geology  of  the  locality. 
He  remarked  that  Cowcroft  was  one  of  a  line  of  Eocene  outliers 
which  run  parallel  to  the  northern  boundary  of  the  main  mass  of 
the  Tertiary  strata,  that  is,  in  a  north-east  and  south-west  direc- 
tion ;  and  he  thought  they  were  all  probably  due  to  a  line  of 
slight  change  of  dip,  which  passed  through  Woodcote  Common, 
near  Goring,  Nettlebed  Hill,  Turville  Common,  Lane  End, 
Tyler's  Hill,  and  Bennetts  End.  This  had  been  suggested  by  Mr. 
Whitaker,*  and  evidence  in  support  of  this  contention  had  been 
pointed  out  by  the  Director  on  the  occasion  of  the  Excursion  to 
Wendover,  May  14th,  i892.t 

These  outliers  are  nearly  always  capped  by  pebble  gravel,  the 
Westleton  Shingle  of  Professor  Prestwich,  and  are  frequently  con- 
nected with  trough  faults  whereby  Tertiary  Beds  were  protected 
from  denudation. 

In  the  first  section,  at  the  northeast  comer  of  the  brickfield, 
the  whole  of  the  Reading  Beds  were  exposed,  about  25  feet  in 
thickness,  the  lower  portion  consisting  of  grey,  mottled,  laminated 
sandy  clay,  the  upper  of  very  white  sand,  indurated  in  parts.  At 
the  base  is  a  layer  of  about  6  inches  of  green-coated  unwater-wom 
flints  and  pebbles,  reposing  on  a  level  surface  of  chalk,  which  has 
been  excavated  to  a  depth  of  about  15  feet,  but  presents  no  features 
of  importance.  This  section  is  capped  by  the  Basement  Bed 
of  the  London  Clay  which  is  3-5  ft  thick,  but  owing  to  the  recent 
heavy  rains  could  not  be  examined. 

The  second  section,  at  the  S.E.  corner  of  the  brickfield, 
shows  the  Chalk  fretted  away  in  pinnacles,  two  of  which  were 
visible.  These  pinnacles  are  invested  with  a  dark  layer,  con- 
sisting of  unworn  flints  in  clay  mingled  with  pebbles  and  broken 
shells,  surmounted  by  Brick-earth,  which  thickens  towards  the 
S.,  extending  downwards  far  below  the  level  of  the  base  of  the 
pinnacles.  In  the  upper  portion  of  the  Brick-earth  masses  of 
conglomerate  and  irregular  layers  of  flint  and  quartz  pebbles  are 
found,  the  latter  parallel  to  the  top  of  the  Chalk,  though  not 
resting  upon  it.  Mr.  Monckton  suggested  that  the  position  of  the 
Brick-earth  was  due  to  a  large  pipe  or  swallow  hole  in  the  Chalk 
into  which  a  mass  of  drift  had  sunk. 

The  third  section  is  at  the  S.W.  comer  of  the  outlier,  and 
shows  about  15  ft.  of  Woolwich  and  Reading  Beds,  the  lower 
portion  of  these  and  the  junction  with  the  Chalk  not  being 

*  Giol,  ^  Louden^  voL  i,  |>.  484. 
t  Proc»  GtoL  Atspc,,  vol.  xti,  p.  34*. 
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visible.  These  beds  consist  here  of  7-8  ft.  of  Buff  Sands, 
with  irrq^ular  pipe-clay  partings  passing  upwards  into  bright-red 
mottled  sands  4  ft,  and  another  4  h.  of  white  sand,  mottled  red. 
Above  these  occurs  the  Basement  Bed  of  the  London  Clay, 
consisting  of  a  very  well-marked  line  of  flint  pebbles  about 
6  inches  in  thickness,  in  which  Lamna  teeth  were  found. 
Covering  this,  there  is  about  12  ft.  of  evenly-stratified  laminated 
sandy  clay,  with  a  more  or  less  continuous  line  of  flint 
pebbles,  and  from  this  bed  many  large  calcareous  blocks 
containing  fossils  had  been  extracted.  None  of  these  were, 
however,  seen  in  sitH  on  this  occasion.  The  following  fossils 
were  identified : 

Ditrupa  plana^  Sow. 
Cardium  laytoni^  Mor. 

„        sp. 
Cytherea  sp. 
Giycimeris  ruiupiensis, 
Nuculaf 

Panopcta  intermedia^  Sow. 
Pectunculus  brevirostris^  Sow. 
JFusus  ficulneusj  Desh. 

„      sp. 
Melania  sp. 
Natica  sp. 
Fyrula  sp. 

Leaving  Cowcroft,  the  party  proceeded  in  a  south-westerly 
direction  across  the  valley  of  the  Chess  to  a  chalk-pit  at 
Aldridge's  Dell.  In  this  pit  the  Chalk  Rock  is  seen.  It  does 
not,  however,  appear  to  be  very  fossiliferous ;  but  after  a  time 
one  of  the  members  found  a  moderately  good  specimen  of 
Terebratula  semiglobosa.  The  Director  had,  some  few  days 
before  the  excursion,  found  Vermicularia^  Rhynchonella  reedensis^ 
Eth.,  Arca^  Limopsis^  Lima  spinosa,  Sow.,  and  Trochus.  The 
party  then  returned  to  Chesham,  where  they  partook  o* 
an  excellent  tea  at  the  Chess  Vale  Hotel.  After  tea  Mr. 
Monckton  proposed  a  vote  of  thanks  to  the  Director,  which 
was  carried  by  acclamation,  and  the  party  returned  to 
London. 

It  may  be  of  interest  to  note  that  the  only  previously  recorded 
excursion  of  the  Association  to  Tyler's  Hill  took  place  on  May 
1 8th,  1878,  under  the  direction  of  Dr.  (now  Sir)  John  Evans  and 
Mr.  Hopkinson.  It  was  a  half-day  excursion,  and  as  there  was 
at  that  time  no  railway  to  Chesham  the  party  travelled  to 
Boxmoor  Station  and  drove  from  there  to  Tyler's  Hill. 
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1896.    Salter,  A.  E. — *'* Pebbly  Gravel' from  Goring  Gap  to  the  Norfolk 
(3oast."    Froc.  GeoL  Assoc.y  vol.  xiv,  p.  389. 


EXCURSION    TO    AYLESBURY,     HARTWELL, 

AND     STONE. 

Saturday,  April  ioth,  1897. 

Directors:  A.  M.  Davies,  B.Sc,  F.G.S.,  and 
Percy  Emary,  F.G.S. 

Excursion  Secretary :  H.  A.  Allen,  F.G.S. 

(Retfortby  THE  DIRECTORS.) 

About  twenty-three  members  assembled  at  Aylesbury  (Metro- 
politan Railway)  shortly  after  3  p.m.,  and  were  led  without  delay 
along  a  field-path  to  Locke's  clay-pit,  on  the  Thame  road,  about 
a  mile  and  a  quarter  out  of  Aylesbury.  Here  Mr.  Davies  briefly 
explained  the  objects  of  the  excursion.  It  was  nearly  ten  years, 
he  said,  since  the  Association  had  visited  this  district,  which  was 
probably  new  ground  to  many  present  To  the  east  and  south  the 
Chalk  escarpment  of  the  Chilterns  was  conspicuous.  The  vale  at 
the  foot  of  it  was  marked  on  the  geological  map  as  occupied 
mainly  by  Gault  and  Kimeridge  Clays,  between  the  outcrops  of 
which  two  clays  came  an  apparently  irregular  and  discontinuous 
series  of  patches  mapped  as  Portland  Sand,  Portland  Stone,  Pur- 
beck,  and  Lower  Greensand.  The  ground  on  which  they  were 
then  standing  was  mapped  as  Kimeridge  Clay,  but  the  fossils 
which  had  made  this  pit  famous  indicated  a  higher  horizon  than 
the  highest  proper  Kimeridgian,  and  though  for  mapping  purposes 
it  was  impossible  to  separate  it  from  Kimeridge  Clay,  it  was  better 
to  speak  of  it  as  Hartwell  Clay,  and  to  include  it,  as  Mr. 
July,  1897.] 
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Area  hngipunctata^  Blake. 
Astarte  hartwellensiSy  Sow. 

„      mysis^  d'Orb. 
Modiola  pectinata^  Phil,  non  Sow. 
Ptcten  lens,  Sow.  var.  morint\  de  Lor. 
Perna  mytiloides.  Lam. 
Pholadomya  proteii,  Ag. 
ITirada  depressa.  Sow. 
Trigonia  voltziilj  Ag. 
Ammonites  {Perisphincies)  biplex.  Sow. 
Bekmnites  explanatus,  Phil. 

The  Thame  road  was  next  followed  for  nearly  a  mile,  when 
another  pit  was  reached.  This  lies  a  little  beyond  the  "  Bugle 
Horn"  Inn,  and  has  therefore  become  known  as  the  "  Bugle  Pit" 
By  some  curious  slip  it  has  twice  been  referred  to  in  geological 
literature  as  the  Beagle  Pit* 

The  succession  of  the  beds  here  was  pointed  out  by  Mr. 
Emary.  The  beds  seen  were  those  shown  on  the  accompanying 
section  (Fig.  2),  from  the  top  down  to  and  including  the  gritty 
limestone,  No.  5.  The  sand  bed,  No.  4,  and  the  rubbly  limestone. 
No.  3,  were  exposed  in  a  pit  sunk  at  this  spot  when  the  Associa- 
tion visited  Hartwell  in  iSSy.t  The  limestone,  No.  3,  is  here 
almost  unfossiliferous,  but  is  believed  to  be  the  equivalent  of  a 
very  fossiliferous  bed,  which  was  exposed  at  the  town  of  Ayles- 
bury when  the  drainage  works  were  being  carried  out.  Mr.  Emary 
called  attention  to  the  fact  that  Ostracods  have  been  recorded 
by  Prof.  Rupert  JonesJ  from  this  locality,  not  only  in  the  Purbeck 
beds  but  also  in  the  upper  bed  of  the  Portland  No.  9.  It  is 
interesting  to  learn  that  some  of  the  forms  described  from  this 
bed  are  marine,  whilst  others  are  freshwater.  There  is  a  similar 
mingling  of  marine  and  freshwater  forms  in  the  lower  part  of  the 
Purbeck  beds,  whilst  in  the  upper  part  freshwater  forms  only  are 
met  with.  This  appears  to  indicate  a  gradual  transition  from  the 
marine  conditions  of  the  Portland  to  the  freshwater  conditions 
of  the  Purbeck  episode,  and  that  the  two  series  are  conformable 
to  each  other  in  this  district.  There  is,  however,  a  considerable 
amount  of  erosion  in  the  Purbeck  beds  themselves,  the  marly 
beds  with  limestone  bands  being  scooped  out  into  hollows, 
occupied  by  a  greyish  clay. 

The  fossils  recorded  from  the  Purbeck  beds  of  this  district 
include  several  species  of  Cyrena,  Paludina  {Vivipara\  etc., 
together  with  fish  remains,  plants,  and  insects.  Unfortunately 
no  record  appears  to  have  been  made  of  the  exact  horizon  from 
which  they  were  obtained,  /.^.,  whether  above  or  below  the  line 

*  Quart. Joum,  Geol.  Soc,,  vol.  xlix,  p.  566  ;  Proc.  Geol^  Atsoc;  vol.  xiv,  p.  31. 

t  Prvc.  Geo/,  Assoc.^  vol.  x,  p  169. 

X  Quart.  Joum,  Geol,  Soc^  vol  xl    p.  33B. 
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of  erosion.  More  detailed  work  is  therefore  needed  before  the 
age  of  the  upper  clayey  beds,  above  alluded  to,  can  be  r^arded 
as  settled.  With  regard  to  the  marly  beds,  reference  was  made 
to  the  view  of  Prof.  Blake,  namely,  that  they  are  the  freshwater 
equivalent  of  the  marine  Portland  Stone  of  the  coast.  Prof. 
Blake  correlates  the  creamy  limestones  of  Hartwell  with  the 
Trigonia  beds  of  Swindon,  and  with  the  lower  part  of  the  flinty 
series  of  the  Isle  of  Portland.  This  would  leave  the-  remainder 
of  the  flinty  series  and  the  whole  of  the  building  stone  series  of 
the  Isle  of  Portland  unrepresented  here  unless  they  are  repre- 
sented in  part  of  the  marly  beds  mapped  as  "Purbeck."  A 
number  of  casts  of  Trigonia  were  obtained  by  members  of  the 
party,  and  Cardium  dissimiie  was  found  to  be  very  abundant 
Several  fish  scales  and  vertebrae  were  found  in  the  "  Pendle,"  and 
one  of  the  large  Ammonites  so  common  in  the  district  {Peri- 
sphincies  boloniensis)  was  seen  in  sitH  in  the  creamy  limestone. 

Those  members  who  could  be  induced  to  tear  themselves 
away  from  this  famous  fossil  locality  were  now  conducted  along 
the  road  for  another  half-mile  or  so  to  what  may  be  referred  to  as 
the  "Old  Sandpit,"  Stone,  for  want  of  a  more  accurate  name. 
Accuracy,  however,  is  very  needful  in  dealing  with  a  series  of  beds 
so  changeable  as  these  sands,  and  it  is  most  regrettable  that  some 
of  the  sections  described  by  Fitton  and  Morris  are  very  difficult 
to  localise  now.  It  may,  therefore,  be  advisable  to  state  that  this 
is  the  pit  distinctly  marked  on  the  six-inch  map,  almost  opposite 
"  Stone  Farm,"  and  extending  northwards  from  the  road  half-way 
to  a  little  coppice. 

The  section  here  shows  9  feet  of  sand,  pure  white  for  the 
most  part,  but  slightly  carbonaceous  in  places.  Above  this  comes 
2  feet  of  clay  (including  beds  of  clayey  sand) ;  and  at  the  eastern 
end  of  the  pit  there  comes  on  above  this  a  very  distinct  bed  of 
pebbly  carstone,  consisting  of  pebbles  of  quartz  and  "lydite," 
firmly  cemented  by  iron  oxide. 

Mr.  Davies  here  explained  that  these  sandy  beds  were  mapped 
as  "  Lower  Greensand,"  but  they  might  be  of  any  age  between 
the  "Purbeck"  and  the  Gault.  Ten  miles  to  the  north-east 
began  the  regular  outcrop  of  the  marine  sands,  whose  fossils 
proved  them  to  be  of  undoubted  Aptian  age  (/>.,  of  the  age  of 
the  Hythe,  Sandgate,  and  part  of  the  Folkestone  beds,  and  the 
Tealby  limestone).  The  same  fossils  had  been  found  fifteen  miles 
to  the  west-south-west,  at  Toot  Baldon.  But  between  these  two 
points  came  a  series  of  scattered  outliers  of  sands,  in  some  of 
which  (as  at  Shotover  and  Brill)  freshwater  fossils,  possibly  of 
Wealden  age,  had  been  found. 

Mr.  Teall  long  ago  called  attention  to  the  fact  that  these 
scattered  patches  rested  upon  Portland  or  Purbeck,  while  the 
marine  sands  rested  on  Kimeridge  or  on  Oxford  Clay,  and  he 
suggested  that  there  were  two  distinct  series  here — an  older  fresh- 
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NOTES  ON  THE  MICROZOA  FROM   THE  JURASSIC 

BEDS    AT    HARTWELL. 

Bv  FREDERICK  CHAPMAN,  A.L.S..  F.R.M.S. 

Having  been  favoured  some  years  ago  with  fossiliferous 
material  from  Hartwell  by  Thos.  Barron,  Esq.,  F.G.S^  and  more 
recently  by  E.  E.  L.  Dixon,  Esq.,  who,  in  fact,  collected  some 
samples  on  the  occasion  of  the  last  excursion  of  the  Association 
to  Hartwell,  I  have  drawn  up  the  following  lists  of  the  Microzoa 
obtained  from  these  samples,  since  they  present  some  special 
points  of  interest. 

Ostracoda  from  the  Lower  Purbeck,  Bugle  Pit,  Hartwell : 

Cypris  purbeckensis^  Forbes.     Very  common. 

„  „  var.  reniformis^  Jones.     Rare. 

Candona  ansata^  Jones.     Common. 

„        bononiensis^  Jones.     Frequent. 
Cypridea  punctata  (Forbes).*     Rare. 
Metacypris  forbesii,  Jones. t    Very  rare. 
Cythere  retirugata^  Jones.     Common. 

„  „  var.  textiits,  Jones.    Frequent. 

The  sandy  and  glauconitic  Hartwell  Clay  contains  a  few 
Ostracoda  and  Foraminifera  of  much  interest,  which  present 
a  facies  nearly  comparable  with  that  of  Neocomian  strata  as  far  as 
it  is  known,  and  also  in  some  respects  comparable  with  that  of 
the  Gault. 

The  list  given  below  is  preliminary  to  some  further  and  more 
detailed  work  upon  which  I  am  engaged  with  regard  to  beds  of 
similar  age  in  this  and  other  localities. 

Ostracoda  from  the  Hartwell  Clay. 

Cythere  drupacea^  Jones,  1884,  Quart, /aum,  GeoL  Soc^  voL  xl, 
p.  772,  pi.  xxxiv,  fig.  30.  Cytheropteron  drupaceutn^  Chapman, 
1S94,  Quart.  Journ,  GeoL  SoCy  vol.  1,  p.  691.  This  form  has  been 
described  from  the  Great  Oolite  beds  of  the  Richmond  Well 
boring,  and  from  the  Neocomian  (Bargate)  beds  near  Guildford. 
Judging  from  the  example  now  found,  this  species  appears 
properly  to  belong  to  the  genus  Cythere^  and  not  to  Cytherf^teron. 

Cytheridea  subperforata^  Jones,  1884,  Quart,  Joum,  Geol, 
SoCy  vol.  xl,  pp.  768  and  772,  pi.  xxxiv,  figs.  25  and  26.  Chap- 
man, 1894,  Quart,  Joum,  GeoL  Soc,y  vol.  1,  p.  689.  Like  the 
preceding,  this  species  was  originally  described  from  the  Rich- 


*  Recorded  by  Prof.  T.  R.  Jones  from  the  Middle  and  Upper  Purbccks.    QMmrt,  /« 
GtoL  Sac  ,  vol.  xli  (1885),  pp.  33a  and  335. 

t  Previously  noted  as  **^Rare  and  peculiar  to  Middle  Purbeck."    Prof.  T.  R.  JoMt, 
Quart.JovtH.  Gtol.  Sac.,  vol.  xli  (1885X  P*  336  ;  also  p.  33a. 
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mond  Well  boring,  and  was  found  in  the  junction-bed  of  the 
Oolite  and  (?)  Neocomian.  It  was  latterly  found  in  the 
Neocomian  (Bargate)  beds  near  Guildford. 

Foraminifera  from  the  Hartwell  Clay. 
Tritaxia  (?)  variabilis^  Brady. 
Lagtna  Icevis  (Montagu). 
Nodosaria  raphanus  (Linn^). 
Marginulina  {?)janesi,  Reuss. 
Vaginulina  discors^  Koch. 
„         harpa,  Romer. 
Crisiellaria  iialica  (Defrance). 

navicular  d'Orb. 

sulcifira^  Reuss. 

humilis^  Reuss. 

fragaria  (Giimbel). 

gibba,  d'Orb. 

convergenSy  Bornemann. 

cultrata  (Montfort). 
Globigerina  marginata  (Reuss). 


EXCURSION    TO    WALMER,    ST.    MARGARETS, 
I>OVER,     FOLKESTONE,     AND     ROMNEY    MARSH. 

Easter,  1897. 

^^^tors:  George  Dowker,  F.G.S.,  W.  F.  Gwinnell,  F.G.S., 
Dr.  A.  W.  Rowe,  F.G.S.,  and  C.  Davies  Sherborn,  F.Z.S. 

Excursion  Secretary :  E.  P.  Ridley,  F.G.S. 

(^Report  by  Dr.  Rowe  and  Mr.  Sherborn.) 

Friday^  April  16/^  and  Saturday^  April  i^th, — Dr.  A.  W. 
Rowe,  M.R.C.S.,  F.G.S.,  and  C.  Davies  Sherborn  acted  as 
Directors. 

The  party  took  the  train  to  Walmer  and  walked  through  the 

picturesque  old  town  to  the  se^    Turning  south  towards  St. 

Margaret's  Bay,  collecting  all  the  time,  the  members  noted  the 

?ery  variable  distribution  of  organic  remains  in  this  portion  of  the 

Micraster  cor-anguinum-zone.    That  part  of  the  cliff  above  the 

grassy  slope  is  fkirly  rich,  while  that  part  along  the  shore  after 

passing  the  grassy  slopes  is  comparatively  barren.     Proceeding 

next  morning  to  St  Margaret's  Bay,  over  the  downs  from  Dover, 

July,  1897.] 
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Walmer  Castle— 


/ 


Beacon- 
Old  Stairs  Point- 


Cap  Point- 


Hope  Bay^ 


Leathercoat  Point— 


St.  Margaret's  Bay- 
Ness  Corner— 

S.  Foreland  Lights- 
Telegraph  Cable- 
Fan  Hole- 
Signal  House— 

Langdon  Hole— 


.       Zone  of  Mkraster  cor-anguinum.      Equivalent  to 
/  the  Broadstairs  Chalk.    Fossils  become  much  rarer 
as  one  goes  south. 


Castle  Jetty- 


Dover 


Railway  Viaduct- 
Shakespeare's  Cliff- 
Hay  Cliff- 
Railway 

Lydden  Spout- 
Abbots  Cliff— 


Zone  of  Micraster  cor-iestudinarium.  The  common 
fossil  is  M.  cor-anguinum  ;  M.  cor-iestudinarium  is  rare. 
The  reverse  is  persistently  stated.  Af,  cor-hotns  occurs 
at  the  base  of  the  zone. 

About  the  Lighthouse  Bluff  will  be  seen  the  junction 
of  the  Hoiaster  planus-zont  with  the  MicrasUr-zan^ 
I  Full  of  characteristic  Chalk  Rock  fossils. 


5 


A  spring  on  the  foreshore  marks  the  junction  of  the 
Terebratutina  gracilis-zont  with  the  Hoiaster  plammS" 
zone  above.  This  T,  g.  zone  may  be  conveniently 
divided  in  this  district  into  five  distinctly  marked 
beds,  their  several  thicknesses  being  shown  by  the 
numerals.  In  bed  4  fine  and  perfect  specimens  of 
Guettardia  stellata  can  be  easily  obtained.  The 
various  "  beds  "  of  the  graciits-zone  may  be  distinctly 
traced  in  the  hill  face  at  the  back  of  the  town  of 
Dover. 


The  best  method  for  studying  the  section  at  Shake- 
speare's  Cliff  is  to  descend  the  zigzae  leading  down 
to  the  Channel  Tunnel  works.  One  passes  in 
succession  the  gracilis  beds,  the  zone  of  RkynchontUa 
cuvieriy  with  its  last  30  feet  of  "  grit  bed,"  below 
which  comes  the  zone  of  Belemnitella  plena^  and  zone 
of  Holastir  subglohosus. 

On  the  shore,  under  the  cliff,  a  turfed  slope  marks 
the  position  of  the  Bel.  plena  zone.  The  shore  is 
strewn  with  blocks,  of  which  the  softer  masses  are 
from  the  gracilis  beds  ;  the  harder  masses,  which  ring 
to  the  hammer,  from  the  *'  grit  bed.'*  The  grit  bed  is 
full  of  fossils.  The  gracilis  beds  contain  lew  fossils 
\but  sponges. 

Plan  of  Outcrops  on  Shore-line  between  Walmer  Castle  amd 
Abbots  cliff,  Dover. — Arthur  W,  Rowe  and  C.  Davies  Sksrbom. 
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Fig.  3. — Vertical  Section 
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the  members  joined  up  the  previous  day's  work  and  entered  at 
once  into  the  so-called  Micraster  cor-testtuHnarium-zont,  first  seen 
on  the  shore  about  the  middle  of  St.  Margaret's  Bay.  After 
waiting  several  hours  on  account  of  the  rain  and  high  tide,  the 
Ness  comer  was  rounded  and  the  junction  of  the  Af,  cor- 
anguinum  and  the  M,  cor-testudiuarium-zoTit^  shown,  and  the 
party  then  proceeded  towards  Dover,  collecting  as  they  went,  and 
passed  successively  over  the  Holasier  pianus-zont^  including  the 
Chalk  Rock  and  the  upper  part  of  the  Terebratulina  grtuilis-zone. 
The  plan  of  outcrops  here  given  completely  expresses  these  two 
days'  work. 

A  visit  was  paid  to  the  Channel  Tunnel  Works  and  the  Kent 
Coal  Boring. 

Monday y  April  19M. — Mr.  W.  F.  Gwinnell  acted  as  Director. 
The  party  travelled  by  S.E.  Railway  to  ShornclifTe  Station,  and 
after  a  short  walk  arrived  at  a  brickpit  in  the  Gault,  where  many 
fossils  were  collected.  A  visit  was  then  paid  to  the  Waterworks, 
and  Lower  Greensand  fossils  were  obtained  from  blocks  thrown 
out  of  a  well-sinking.  Whilst  some  of  the  more  daring  of  the 
party  made  an  excursion  underground  to  see  the  workings,  others 
made  good  collections  of  Lower  Chalk  AmtnoniteSy  etc. 

After  visiting  Caesar's  Camp,  the  party  proceeded  to  East 
Wear  Bay  and  the  Warrens,  where  fossils  were  plentiful  and  good 
"  bags  "  were  made.     The  party  returned  by  train  to  Dover. 

Tuesday^  April  20th. — Mr.  G.  Dowker  acted  as  Director. 
The  party,  numbering  twenty-eight,  took  train  to  Hythe,  and 
drove  to  Lympne  Castle  and  church,  situate  on  an  escarpment 
of  the  Lower  Greensand.  From  this  elevation  the  Director 
explained  the  history  of  the  formation  of  the  Marsh  as  given  in 
his  paper  read  on  the  2nd  April,  1897.  On  descending  the 
hill  the  Castrum  was  examined  and  special  attention  directed  to 
some  of  the  walls,  which  are  said  to  have  slipped  some  distance 
down  the  hilL  The  carriages  were  met  at  Botolph's  Bridge,  and 
the  party  proceeded  to  Littlestone,  a  halt  being  made  at 
Dymchurch  to  examine  the  sea-wall.  After  lunch  at  Littlestone, 
the  party  proceeded  by  train  to  Appledore,  the  vast  extent  of  the 
Dungeness  shingly  beach  being  well  seen  in  passing.  On 
arrival  at  Appledore  a  visit  was  paid  to  the  Rhee  Wall,  and  the 
train  taken  for  home. 
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EXCURSION    TO    COOKHAM. 

Saturday,  May  ist,  1897. 

Directari  Ll.  Treacher,  F.G-S. 

Excursion  Secretary :  H.  A.  Allex,  F.&S. 

(Report  by  The  DntECTOE). 

The  party  met  at  Paddington,  and  travdled  to  Gx>khaiD  hj  the 

1 40  p.m.  train,  and  on  arri^  at  once  proceeded  to  Cookham  VJac^ 

where  the  Director  pointed  out  the  terrace-like  arrangement  of  the 

river  gravels  in  the  Thames  Valley  between  Cookham  and  Maiden- 

^d.*    From  this  point  three  distinct  terraces  could  easily  \ft 

distinguished.     In  the  upper  one,  on  which  they  were  standings 

^  ^e  number  of  pits  have  been  opened  between  this  place  and 

^idenhead,  and  in  nearly  all  of  them  Paleolithic  implements 

^ve  been  found.     Those  in  the  Director's  collection  number 

^'^  300,  obtained  during  the  last  eight  or  nine  years.     They  are 

^^  with  at  all  depths  in  the  gravel,  those  from  near  the  surface 

^^g  a  white  and  porcellanous  appearance,  while  others  from 

|he  bottom  of  the  gravel  near  the  Chalk  are  quite  sharp  and  fresh 

jooking.    Some  specimens  are  much  abraded,  as  \l  they  had 

Enrolled  about  for  a  long  time.    The  commonest  types  are 

^  shoe-shaped  and  an  axe-like  form   with  a  straight  cutting 

^c,  but  nearly  every  type  of  Palaeolithic  implement  is  repre- 

^^  and  flakes  are  also  found.     Organic  remain^s  are  rare  in 

r^  terrace,  but  a  large  tusk  of  Mammoth  was  found  with  flint 

^Plements  in  a  pit   near  ^laidenhead.     As  the  implements 

^PP^  to  be  almost  entirely  confined  to  this  terrace,  at  a  level  c^ 

?^^t  150  ft  O.D.,  and  about  75ft.  above  the  prev&nt  river,  it  may 

^  taken  as  constituting  the  Palaeolithic  zone  of  the  Thames 

\^^  giaveb  in  the  district      The  large  pit  at  Cookham  Rise, 

^longing  to  Mr.  Symmons,  of  Maidenhead,  was  then  inspected, 

^^  ^He  presence  of  large  quartzite  pebbles  and  blocks  of  sarsen 

^^^  of  white  quartz,  aixl  of  sandstone  was  noted.     The  gravel 

^  observed  to  rest  in  a  sort  of  furrow  in  the  Chalk,  having  a 


,  *  See  the  Sfcfetcfa  Map  m  Whiukt^i  Ct^l^tf^  Lmd^,  yX  i,  R.  »t 
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north  and  south  direction  parallel  with  the  river,  and  its  thick- 
ness varied  from  2  to  about  14  ft      Under  some  houses  built 
close  to  the  pit  no  gravel  had  been  found,  although  the  sur£&ce 
level  was  the  same  as  where  the  gravel  was  thickest 
^    A  move  was  then  mSiQ<&  to' fhe  Jarge  chalk  pit  at  Cookham 
Dean.    *.This  Is'JLil  exposure  'of  Upper  Chalk  about  70  ft  in 
.•d^lijtfi^    Fhnt  ban^  are  numerous,  and  contain  abundant  remains 
"  bf-  4>ongte.     From  Mr.  Whitaker's  account,*  it  would  appear  to 
belong  to  the  Micraster  cor-testudinarium  zone.     Only  a  short 
stay  was  made  here,  and  but  few  fossils  found. 

Cookham  Dean  is  a  small  village  situated  in  a  narrow,  gorge- 
like valley  cut  through  the  high  Chaik  hills  which  form  the  north- 
east comer  of  Berkshire.  This  little  valley  has  a  general  course 
from  west  to  east  nearly  parallel  to  the  Thames  between  Marlow 
and  Bourne  End,  from  which  it  is  only  divided  by  the  Quarry 
Wood  ridge,  it  commences  in  the  open  country  north-west  of 
Pinkney's  Green,  and  joins  the  Thames  at  Cookham.  As  there 
is  now  no  stream  along  its  bottom  it  probably  had  its  origin  when 
the  country  to  the  west  was  covered  ¥nth  impervious  Tertiary 
clays,  the  surface  drainage  of  which  would  natmally  form  such  a 
valley  in  making  its  way  to  the  Thames.  At  present  the  rainfall 
gets  away  by  underground  channels  and  fissures  in  the  chalk, 
whilst  the  bed  of  the  valley  is  left  dry. 

A  footpath  was  then  followed  for  some  distance  along  the 
valley  to  the  westward,  and  the  hillside  on  the  north  ascended  by 
a  green  lane  to  the  "  Hockett"  Mr.  Stephen  Darby,  of  Cook- 
ham Dean,  who  accompanied  the  party  and  materially  assisted  to 
make  the  excursion  a  success,  suggested  that  this  word  simply 
meant  the  High  Wood.  The  summit  of  the  Quarry  Wood  ridge 
was  here  reached.  It  is  a  small  outlier  of  Tertiary  Beds  capped 
by  a  deposit  of  gravel,  the  character  of  which  was  shown  in  a 
somewhat  overgrown  pit  in  a  field  by  the  side  of  the  wood.  The 
party  rested  for  some  time  at  this  place,  and  the  Director  briefly 
pointed  out  the  chief  geological  features  of  the  neighbourhood. 
Looking  towards  the  south  the  Chalk  plain  was  observed  to  have 
a  gentle  inclination  along  the  dip-slope  from  the  foot  of  the  hill 
on  which  they  were  standing  southwards  to  the  main  Tertiary 
escarpment  on  the  other  side  of  the  White  Waltham  Valley.  On 
the  left  hand  were  the  Tertiary  outliers  of  the  Mount  and 
Pinkney's  Green  standing  well  up  from  the  surface  of  the  Chalk, 
and  on  the  right,  but  at  a  greater  distance  and  somewhat  hidden 
by  the  mist,  were  the  similar  outliers  of  Ashley  and  Bowsey 
Hills,  these  latter  being  capped  at  a  height  of  about  460  feet 
O.D.  by  a  deposit  of  the  pebbly  gravel  generally  known  as  the 
Westleton  Shingle. 

Mr.  Monckton  expressed  an  opinion  that  the  gravel  at  the 

*  Gtology  qf  Lond^H^  voU  i,  p.  76* 
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Hockett  ought  to  be  classed  with  the  Glacial  Gravel,  which 
occurred  at  various  levels  up  to  rather  over  400  feet  O.D.,  on 
hills  on  the  other  side  of  the  river  Thames.  The  gravel 
contained  far  too  many  red  quartzite  pebbles  for  one  to  place  it 
with  the  Westleton  Shingle  or  Southern  Drift,  and  on  the  other 
hand  it  bore  the  greatest  resemblance  to  what  has  been  termed 
the  Glacial  Gravel  Referring  to  the  diagram  section,  Fig.  i, 
the  speaker  explained  that  the  gravel  pit  of  the  Hockett  was  at 
the  point  marked  "  351  Glacial  Gravel,''  and  said  he  thought  that 
if  he  was  right  in  calling  the  gravel  Glacial  Gravel,  there  was  a 
strong  probability  that  the  Thames  valley  at  Marlow  had  been 
wholly  excavated  since  the  date  of  that  gravel,  and  if  so,  then  at 
that  date  either : 

(i)  The  Thames  flowed  at  what  is  now  a  level  of  350  feet 
O.D.  or  thereabouts ;  or 

(2)  The  Thames  flowed  in  some  other  channel ;  or 

(3)  The  Thames  did  not  exist. 

He  himself  was  in  favour  of  the  first  of  these  conclusions. 

Search  was  then  made  in  the  pit,  and  large  quartzite  pebbles 
and  blocks  of  white  quartz  and  other  rocks  characteristic  of  the 
gravel  mapped  Glacial  Drift  north  of  the  Thames  were  easily 
found.  The  Director  also  dug  out  of  undisturbed  gravel,  at  a 
depth  of  3  feet  from  the  surface,  a  flint  flake  showing  evident 
signs  of  human  workmanship. 

On  leaving  this  spot,  the  party  proceeded  by  the  footpath 
through  Quarry  Woods  to  the  top  of  Winter  Hill,  where  they 
obtained  a  fine  view  of  the  Thames  Valley  near  Marlow,  and  of 
the  Chiltern  Hills  to  the  north.  The  Tertiary  outlier  of  Lane 
End  was  very  conspicuous  about  six  miles  away  on  the  north- 
west. The  eastern  end  of  Winter  Hill  is  covered  by  a  patch  of 
river  gravel  at  a  height  of  250  feet  O.D.,  but  no  sections  were 
open  on  this  occasion.  Cock  Marsh  was  then  crossed  by  the 
rifle  range  to  the  Quarry  Hotel,  where  tea  was  partaken  of,  and 
the  Director  received  a  hearty  vote  of  thanks  from  the  members 
present.  Having  been  ferried  over  the  river,  the  party  returned 
to  town  by  the  6.50  train  from  Bourne  End  Station. 
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Th£  eiTui^kio  cxMBOBCDocd  bf  2  liss:  2o      _ 

close  to  Soutfabofoads    Sgarrvn,    viiae   Wj^Ssimt  Cbr  \ioo 

M  capped  with  iower  beds  of  Tmibnd^  We^  Sinds  (lo 

^^)  are  worked   tqgemer    for    brick-fliakiz^      Tbe   members 

sooQ  ioond     spectntctts    of    Crrcma   wmtdzjL^    Crtwis    ntJMm; 

fixates  helli,  and  a  toadi  of  LtfiimiMs^     The  b!ue  dar  con* 

^^  oolja  few  calcareoos  sepcanan  nodules,  which  generally 

^v  more  or  less  tnce  of  fossus.     The  kywer  beds^  owii^  to  the 

f^^'cseoce  of  veins  of  cakxte.  are  doc  worked,  hot  ar^  exposed  in 

^fc^inage  rhanneK 

^^  A  short  walk  to  Shatters  Wood  Road,  and  a  section  of  Tim> 
^^H<%e  Wdls  Sands  (top  beds)  was  seen.  The  beds  here,  owii^ 
^o  the  removal  of  iron,  are  soft  and  easfly  crushed  into  building 


^  Tbe  party  next  made  its  way  to  the  borit^  for  water  on  South- 
^c>rottgh  Common.  This  boring  has  reached  a  depth  of  296  feel, 
specimens  of  beds  passed  through  were  shown  by  Messrs.  Islers^ 
^«^gineer  (Mr.  Shreeve),  lo  Mr.  W.  WTiitaker,  F.R.S.,  who  a>nsi- 
^^red  that  the  fine  white  sands  now  being  brought  up  must  be 
'■X>m  the  Ashdown  beds. 

After  a  pleasant  walk  of  about  a  mile,  Strangers  Quarr)*,  near 

^roomhill,  was  reached,  where  the  upi)er  beds  of  the  Tunbridge 

^V'ells  Sands  are  worked  and  used   for  Building  Stone.     The 

^au[Klstone  here  is  covered  by  an  outlier  of  Weald  Clay.     At  the 

t>ottom  of  the  clay  are  three  or  four  hard  layers,  hardened  pro- 

l>&bly  by  a  re-deposition  of  carbonate  of  lime,  while  the  upper 

portion  is  worked  for  brick-making.     Mr.  Abbott  pointed  out  that 

rlie  Weald  Clay  at  this  spot  differs  from  that  at  Mount  Ephraim, 

'^which  is  quite  free  from  these  hard  beds.   The  stone  in  this  quarry 

contains  plenty  of  iron,  and  but  little,  if  any,  bleaching  has  gone  on. 

Possibly  this  may  be  due  tQ  the  thick  protecting  cap  of  Weald  Clay. 

Oyrena  media^    Unto   antiquus,  Cypris  iuberculatay  and   Cypris 

spitugtra  were  found  in  abundance  near  the  floor  of  the  quarry, 

some  10  feet  to  15  feet  below  the  top  of  the  Tunbridge  Wells  bed 

A  picturesque,  water-worn  valley  on  Culverden  Down  was  next 

^ited    On  either  side  the  Tunbridge  Wells  Sands  showed 

niuch  weathering    (honeycombing).     On   the    higher    level    or 

"  down "  the  growth  of  rushes  was  pointed  out,  demonstrating 

July,  1897.] 
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the  difficulty  which  rain-water  finds  in  passing  through  such  fine- 
grained sandstone — a  great  proportion  finds  it  easier  to  run  off  the 
ground,  forming  side  valleys,  than  to  go  through  the  rocks. 

The  description  of  what  was  next  seen  in  Boyne  Park  need 
not  be  repeated,  as  it  was  reported  in  last  year's  Proceedings, 
vol.  xiv,  p.  198. 

Mr.  Stocks  having  since  then  examined  the  "  black  band," 
his  report  is  appended. 

At  4.30  an  adjournment  to  Nye's  on  Mount  Ephraim  for 
tea  gave  a  welcome  opportunity  for  a  rest. 

Afterwards  the  party  divided;  the  larger  portion  saw  the 
exposed  "  Rocks ''  on  Tunbridge  Wells  and  Rusthall  Commons. 
Much  interest  was  taken  in  the  horizontal  rows  of  holes  occurring 
along  the  planes  of  bedding  in  some  of  these  rocks ;  apparently 
due  to  percolating  water  assisted,  possibly,  by  the  action  of  frost. 

A  short  visit  was  paid  to  the  "  High  Rocks,"  where  similar 
holes  were  seen,  and  a  discussion  took  place  on  the  origin  of  the 
remarkable  perpendicular  jointing  of  these  Rocks.  A  brief 
inspection,  in  a  new  road  near  Cumberland  Walk,  of  a  section  of 
Clay  (?  East  Grinstead  Clay)  in  which  large  angular  fragments  of 
sandstone  lie  in  most  irregular  order,  brought  the  excursion  to  an 
end. 


Note  on  a  Dark  Coloured  Band  in  the  Tunbridge  Wells 

Sand  at  Boyne  Park, 

By  H.  B.  Stocks. 

On  testing  a  portion  of  the  dark-brown  and  black  sand  from 
Boyne  Park  it  was  found  that  the  colouring  matter  is  not  extracted 
by  hydrochloric  acid,  but  is  quite  soluble  in  caustic  soda,  yielding 
a  dark-brown  solution,  from  which  hydrochloric  acid  precipitates 
a  brown  flocculent  substance. 

On  igniting  the  sand  the  black  colour  disappears  with  incan- 
descence, and  carbonic  acid  is  formed ;  therefore  the  colouring 
matter  is  organic,  the  ignited  sand  has  only  a  pale  reddish-yellow 
colour.  Iron  is  present  only  in  small  quantity,  and  manganese  is 
absent. 

Taking  these  facts  into  consideration,  it  appears  that  the 
material  colouring  the  sand  is  organic  matter  and  of  the  nature 
of  "humic"  acid. 

This  humic  acid  is  probably  derived,  by  solution  in  rain 
water,  from  the  humic  acid  in  the  overlying  soil  and  the  redeposi* 
tion  of  it  in  certain  lines  in  the  strata  below.  In  order  to  explain 
the  causes  for  the  redeposition  of  the  humic  acid,  further  exami- 
nation will,  however,  be  required. 
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EXCURSION  TO  CHISELHURST. 

May  15TH,  1897. 

Directors:  W.  Whitaker,  F.R.S.,  and  T.  V.  Holmes,  F.G.S. 

Excursion  Secretary:  W.  P.  D.  Stebbing,  F.G.S. 

(^Report  by  The  DIRECTORS.) 

On  arrival  at  Chiselhurst  railway-station  the  party  proceeded  in  a 
north-westerly  direction  along  the  road  close  to,  but  east  of,  the 
railway,  passing,  near  the  station,  a  large  old  Chalk-pit  on  the 
right,  too  much  overgrown  to  be  worth  visiting.  A  halt  was  made 
at  the  comer  of  Camden  Park,  where  the  Chalk  was  once  worked 
by  means  of  horizontal  galleries  extending  for  a  considerable  dis- 
tance under  the  Park.  These  galleries  were  inspected  by  mem- 
bers of  the  Association  when  Chiselhurst  was  visited  in  1S72,  the 
owner  having  them  illuminated  for  that  purpose.  They  are  now 
too  much  choked  up  to  be  worth  entering.  The  mouths  of  some 
of  the  galleries  are  still  visible,  but  as  building  is  going  on  in 
front  of  them  they  will  soon  cease  to  be  as  conspicuous,  both 
from  road  and  railway,  as  they  have  been  hitherto.  Mr.  Whitaker 
drew  attention  to  the  compactness  of  the  Thanet  Sand,  which 
stands,  with  a  nearly  vertical  face,  above  the  Chalk,  to  the  fairly 
even  junction  of  the  two  formations,  to  the  presence  of  a  marked 
firm  bed  in  the  Chalk  (which  forms  the  roof  of  the  galleries),  and 
to  the  fact  that  the  Chalk  has  been  worked  to  a  greater  depth 
than  formerly,  and  that  though  the  deep  part  of  the  pit  was  a 
little  below  the  level  of  the  neighbouring  stream,  yet  there  was  no 
water  in  it. 

On  leaving  Camden  Park  pit  the  railway  was  crossed,  and 
recrossed  south  of  the  tunnel.  Near  by  the  mouth  of  the  tunnel, 
and  east  of  Elmstead  Lane,  is  the  pit  in  Rockpit  Wood,  showing 
the  Blackheath  Pebble  Beds,  which  the  Association  was  enabled 
to  visit  by  kind  permission  of  Sir  Samuel  Scott,  Bart.  Here,  instead 
of  unconsolidated  beds  of  pebbles  and  sand,  the  pebble-beds  were 
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foand  to  be  laigdj  cemented  into  paddiE^-s£ocie:.  2nd  ibe  sKsd 
into  sandstone,  the  cskareoos  cement  faarins;  efiieail'T  been 
deriyed  from  the  dissolutioo  of  shells  bf  the  9cbaa  of  is^rrsnog 
rain-water.  Large  numbers  of  shells  still,  hyw^rrtr. 
undissolved,  and  many  specimens  vere  secured 
present    Pectunoilus  was  confined  apparenthr  10  a 

Then,  taking  a  southerly  coarse,  the  paity 
Park  by  a  new  road  which,  beginning  at  the  ojC 
(bailt  of  the  rock-bed),  turns  southward,  croasng  T  />gg".-""  Wcod. 
south  of  which  it  divides  into  two  branches,  one  rar'-^z  a  vescerly 
direction  while  the  other  turns  soadiward  towards  W^csarcL 
Before  arriving  at  this  junction,  a  pit  showing  B^ackbeath  PeVr*je 
Beds  on  the  left  side  of  the  road  was  inspecred.  Trt  iciecil 
feature  of  this  pit  was  the  presence  erf  a  thSckik^s  c^  f ccr  or  rre 
feet  of  sand,  bedded  and  sometimes  loamy,  abc-ve  ttie  p£:':tLut- 
beds,  which  were  wholly  unconsolidated.  Mr.  Wb; 
few  remarks,  sa3^g  that  the  bedded  loaacr  sand 
oncoming  of  the  brickearth  of  Widmore,  which  had  Dees: 
doubtfully  as  part  of  the  Blackheath  Beds.  If  this  JPfgnrtic 
out  to  be  true,  the  doubt  wfll  cease. 

Taking  the  road  leading  to  \lldmore,  the  deep  yz  21  T\'jf: 

Kiln  was  passed  but  not  inspected,  being  disr.2sed  and  it£  i-jr. 

sections  invisible.     The  next  section  visited  was  in  Eli-iki* 

pebble-Beds,  close  to  the  spot  at  which  the  road  or.  the  w< 

side  of  Bickley  Park  meets  with  others  from  ibe  fag,  ts*:  wes:, 

^d  the  north-west,  a  few  yards  north  of  EkikT  Staricci-     Here 

*  thickness  of  18  or  20  feet  of  pebbSe-beds  was  it^s::-  rf.  the 

ordinary,  unconsolidated   kind.      -\t  the  siufaoe  in  cr^e  corner 

^ere  was  a  mixture  of  clay  with  the  pebbles,  5:ngzes±D£  £  triot  of 

^ndon  Clay.     The  current-bedding  in  this  pit  was  vn  ir,  tr:- 

^*5^11y  large  scale.     Dr.  Hinde  here  found  a  few  larze  yz'S'JjSk  oc 

Quartzite  which  are  worth  notice,  as  pebbles  oier  tiar:  fir.t  ar* 

^^  rare  in  these  beds. 

Crossing  the  railway  at  Bickley  Station,  the  cv-jtk  tarts  was 

^^sterly.    Another  pit  in  Blackheath  Pebb>-Beds.  5it:».t«:  i::  a 

*^^ge  field  in  the  angle  between  the  London,  Chatham  tsA  I»r*T 

^'^d  Sooth  Eastern  Railways,  was  inspected.    Thii  se^t-vn  .\  wtK 

^^  the  point  at  which  the  raflways  cross  each  c/:her.  zrA  vtr.  of 

^eroad  from  Bickley  Park  Farm  aixl  Chiseli::r?t  railirav  i»*.auoc. 

^ere  again  current-bedding  was  well  seen,  and  l/z  li.-r.'^^  fo-ryf 

^  <iuartzite-pebble.    These  pebbles  are  of  a  like  charicrjtr  to  th*ovt 

^oe  same  observer  has  fouixl  in  beds  of  the  sar^it  a^e  r.#*ar  Croiv 

^*pn,  but  their  origin  is  uncertain.      \)r.  HirAt  rersarictd  fuat 

^cir  occurrence  was  almost  whoDy  amonzst  th*  largtr  i^'j'jj^. 

'^'iniing  to  the  right  on  passing  under  the  -South  Ea-stesr.  ?-l.  >ay, 

J^c  footpath  north-west  of  Pond  Wood  was  taker,  to  tie  -^-i'/jt^t  of 

^'iiselhurst     There  the  party  was  most  hospitaoh-  entitjtair^  tjy 

^.  E.  A.  Webb,  of  Cookham  Dene.    After  vak,\rA  trie  yM%:nz^ 
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of  hearty  votes  of  thanks  to  Mr.  Webb  and  to  the  Directors  of  the 
excursion,  the  members  returned  to  London,  many  visiting  on 
their  way  to  the  railway-station  the  beautiful  little  village  church. 

REFERENCES. 

Geological  Survey  Map,  Sheet  6  (Drift  Edition).    Price  8s.  6d. 
Ordnance  Survey  Map  (New  Series),  Sheet  271.    Price  is. 

1889.    W.  Whftaker.    "Geology  of  London.**    Vol.  i,  pp.  11$,  116,  227. 

Mem.  Geol,  Survey, 
"  Record  of  Excursions,"  pages  29  to  33. 

References  to  the  various  papers  which  deal  with  the  district  will  be  found 
in  the  above-mentioned  works. 


EXCURSION    TO    ERITH    AND    CRAYFORD. 

Saturday,  May  22ND,  1897. 

Director:  Flaxman  C.  J.  Spurrell,  F.G.S. 

Excursion  Secretary:  W.  P.  D.  Stebbing,  F.G.S. 
^Report  fy  Mr.  Monckton.) 

The  party  assembled  at  Cannon  Street  Station  and  travelled  by 
the  2.2  p.m.  train  to  Erith.  Leaving  Erith  Station  the  members 
were  led  by  the  Director  to  a  good  section  in  the  lowest  gravels 
of  the  Brickearth  Series  at  Slades  Green.  There  a  short  halt  was 
made,  and  the  Director  gave  an  account  of  the  geology  of  the 
locality  and  of  the  nature  and  composition  of  the  beds  of  the 
Brickearth  Series.  The  members  then  examined  the  section  and 
noticed  that  the  gravel  showed  current  bedding  in  most  parts  and 
that,  though  it  consisted  mainly  of  flint,  either  subangular  or  in 
the  form  of  pebbles,  both  Lower  Greensand  chert  and  pebbles  of 
quartz  could  be  found  without  difficulty.  Various  other  foreign 
stones  occur,  and  the  Director  expressed  a  belief  that  they  were 
all  derived  from  gravel  equivalent  to  that  of  Dartford  Heath. 

The  party  then  proceeded  to  the  classic  pit  at  Crayford  which 
is,  unfortunately,  not  now  in  a  condition  altogether  satisfactory 
for  the  geologist.  The  main  features  were,  however,  pointed  out 
by  the  Director,  but  as  they  have  already  been  fully  dealt  with 
in  our  Proceedings  and  elsewhere  it  is  only  necessary  to  refer  to 
the  works  and  references  at  the  end  of  this  report 

Leaving  the  great  Crayford  Pit  the  Director  led  the  way  to  an 
exceedingly  good  section  in  a  pit  on  the  west  side  of  the  road  to 
Erith.  Here  some  time  was  spent,  and  a  number  of  the  charac- 
teristic fossils  of  the  Brickearth  Series  were  obtained. 

Returning  to  Erith  the  members  enjoyed  an  excellent  tea  at 
the  Prince  of  Wales  Hotel,  after  which  a  vote  of  thanks  to  the 
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EHrector  was  proposed  by  Mr.  Potter  and  carried  unanimously. 
The  party  returned  to  London  by  the  7.6  p.m.  train. 


REFERENCES. 

Geological  Survey  Map,  Sheet  i,  S.W.  (Drift  Edition).     Price  3s. 
Ordnance  Survey  Map  (New  Series),  Sheet  271.     Price  is. 

1864.  J.  Prkstwich. — *' Deposits  containing  the  remains  of  extinct  Mam- 
malia and  Flint  Implements."  Phil.  Trans.,  vol,  cliv,  Pt.  2. 
p.  247. 

i88a  Flaxman  C.  J.  Spurrell.— "  On  the  discovery  of  the  place  where 
Palaeolithic  Implements  were  made  at  Crayford.'*  Quart.  Joum, 
GeoL  Soc.y  vol.  zzzvi,  p.  544. 

1885.     — , — "Excursion    to    Erith    and    Crayford." 

Proc.  Gtol.  Assoc.,  vol.  ix,  p.  213. 

i^SSqu     William  Whitaker.— "  Geology  of  London."    Afem.  Geo/.  Survey. 

'"      also  "  Record  of  Excursions,"  p.  17. 


EXCURSION    TO    REDHILL    AND    MERSTHAM 

(NEW  RAILWAY). 

Saturday,  June  26th,  1897. 

Directors:  G.  J.  Hinde,  Ph.D.,  F.R.S.,  and  W.  Whitaker, 

B.A.,  r.R.S. 

(JReport  by  The  DIRECTORS.) 

The  party  reached  Redhill  at  about  2.30  p.m.  The  Directors 
explained  that  the  objects  of  the  Excursion  were  to  trace  the 
succession  of  the  Cretaceous  Series  from  Lower  Greensand  to 
Chalk,  and  to  illustrate  some  difficulties  in  Geological  mapping. 

I..eaving  the  station  on  the  eastern  side,  the  party, 
between  sixty  and  seventy  in  number,  proceeded  first  to  a  field 
about  a  quarter  of  a  mile  distant,  where  the  Fuller's  Earth  was 
being  excavated.  The  bed  at  this  place  is  about  fourteen  feet  in 
thickness;  not  the  whole  of  it  is,  however,  economically  valuable, 
and  overlying  it  there  are  from  three  to  four  feet  of  a  sandy  rock 
consisting  of  quartz  and  glauconite  grains  and  large  numbers  of 
sponge  spicules  cemented  together.  Specimens  of  heavy  spar 
(Sulphate  of  Baryta)  were  obtained  from  the  Fuller's  Earth,  and 
the  overlying  sandy  sponge  rock  yielded  casts  of  a  small  Echino- 
derm  and  of  Trigonia,    This  same  pit  was  visited*  by  the  Asso- 

•  Proe.  GeoL  A»toc.,  vol.  xiii,  p.  371. 
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ciation  three  years  ago,  and,  as  on  that  occasion,  questions  were 
raised  as  to  the  relative  position  of  the  Fuller's  Earth  in  the  Lower 
Greensand,  and  the  correctness  of  the  Geological  Survey  in 
placing  it  as  the  equivalent  of  the  Sandgate  Beds.  Mr.  Whitaker 
pointed  out  that  the  Fuller's  Earth  formed  so  marked' a  feature  in 
the  Lower  Greensand  Series  that  the  Survey  was  fully  justified  in 
considering  it  as  a  distinct  division. 

In  an  unfinished  cutting  of  the  new  railway  close  by,  a  small 
disturbance,  bringing  the  Fuller's  Earth  up  to  the  surface,  was 
noticed,  and  the  footpath  northward  followed  past  Wiggy  Farm 
and  under  the  railway  to  pits  at  Frenches.  At  this  place  beds  of 
brownish  drift  loam  (worked  in  places  for  brick-making)  with  a 
thin  layer  of  flint  gravel  at  the  base,  filled  up  a  hollow  channelled 
out  of  the  white  Folkestone  Sands.  In  one  part  of  the  northern 
pit  the  sands  were  quite  up  to  the  surface,  whilst  in  another  the 
loam,  eight  to  ten  feet  in  thickness,  reached  to  the  floor  of  the 
pit. 

A  small  Pupa  with  fragments  of  other  shells  occurred  in  a 
whitish  marly  bed  that  at  one  part  formed  the  basal  part  of  the 
Drift,  and  also  unrecognisable  fragments  of  bone  in  the  loam. 

The  party  then  followed  Battlebridge  Lane  northward,  and 
visited  the  brickyards  on  the  western  side  of  the  Lane,  where  the 
Drift  loam  is  again  exposed,  and  the  bottom  beds  of  the  Gault 
have  also  been  worked  for  bricks.  In  the  spoil  heaps  of  the  Gault 
Clay,  search  was  made  for  fossils,  and  fragments  of  Ammonites 
(Hoplites)  inttrruptus^  Belemnites  minimus  and  a  few  casts  of 
bivalve  molluscs  were  found.  One  of  the  workmen  showed 
phosphatised  casts  of  Trigonia^  Inoceramus^  and  fragments  of 
Ammonites,  Phosphatic  concretions  of  glauconite  and  quartz 
grains  in  a  dark  paste,  the  coprolites  of  commerce,  are  also 
common  in  the  clay. 

Continuing  in  a  north-easterly  direction,  under  the  railway  at 
Battlebridge  Farm,  the  next  place  visited  was  a  pit  at  the  comer 
of  the  road  with  Nutfleld  Lane,  where  the  Folkestone  Sands  are 
again  exposed,  and  at  one  place  capped  by  a  greenish-sand  con- 
taining numerous  phosphatic  nodules,  which  may  belong  either 
to  the  top  of  the  Folkestone  Beds  or  to  the  base  of  the  Gault  in 
an  exceptionally  sandy  condition.  In  another  part  of  this  same 
pit  the  Folkestone  Beds  are  covered  by  a  greyish  Drift  sand  con- 
taining a  few  flint  pebbles. 

The  party  then  proceeded  northward,  on  the  embankment 
of  the  new  railway  from  Croydon  to  Redhill,  to  the  escarpment 
of  the  Upper  Greensand  on  the  east  of  Merstham  Church,  where 
a  deep  cutting  is  now  being  made  through  the  upper  beds  of  the 
Gault  and  the  Upper  Greensand.  The  Gault  is  here  a  calcareous 
sandy  clay  in  which  numerous  Foraminifera  and  Entomostraca 
can  be  seen  with  a  lens,  and  overlying  this  the  harder  and  more 
sandy  beds  of  the  Upper  Greensand  appear  without  any  definite 
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plane  of  division.  These  latter  are  succeeded  by  the  grey  sili- 
ceous beds  of  stone  which  were  formerly  largely  quarried  for 
building.  It  was  pointed  out  that  the  peculiar  character  of  these 
soKsdled  malm,  firestone,  or  hearthstone  beds  was  due  to  the 
fact  that  they  largely  consisted  of  sponge-spicules,  the  silica  of 
which  remained  in  an  opalised  or  amorphous  condition.  The 
stone  beds  are  succeeded  above  by  layers  of  greenish  glauconitic 
sand  which  are  exposed  at  the  northern  end  of  the  present 
cutting. 

In  a  field  a  short  distance  to  the  east  of  the  cutting  a  small 
quarry  was  visited,  in  which  the  mode  of  working  the  building- 
stone  of  the  Upper  Greensand  by  short  tunnels  could  be  seen. 

From  this  quarry  a  short  footpath  led  to  the  extensive  Chalk 
Pits,  where  the  beds  of  the  Lower  Chalk  are  largely  worked  for 
making  lime.  The  different  character  of  the  beds  of  the  massive 
and  harder  Middle  Chalk  from  those  of  the  thinner-bedded 
marly  Lower  Chalk  were  pointed  out  by  Mr.  Whitaker  in  the  face 
of  the  quarry,  but  the  position  of  the  Melbourn  Rock  was  for  the 
most  part  hidden  by  talus. 

On  the  way  back  to  Merstham  a  visit  was  paid  to  the  Church, 
^nd  the  excursion  was  brought  to  a  close  by  tea  at  the  Feathers 
Inn,  and  the  7.55  train  was  then  taken  for  London. 

REFERENCES. 
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^^"'nancc  Survey  Map  (New  Series),  Sheet  286.     Price  is. 

'«36.    w.  H.  FmrON.— "  Strata  below  the  Chalk."     Trans.  GtoL  Soc.,  series 
J.  2,  vol.  iv,  pp.  140-143. 
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ORDINARY  MEETING. 

Friday,    June    4TH,     1897. 

E.  T.  Newton,  F.R.S.,  President,  in  the  Chair. 

,  ^^I'he  following  was  elected  a  member  of  the  Association : 

J^^ti  Sheer. 

^iss  Macmillan  Scott  and  Miss  Monk  were  nominated  for 

"^^^^bership. 

.      *The  President  exhibited,  on  behalf  of  Mr.  McNeill,  some 

^p^Xitifiil  enlargements  of  photographs  taken  during  the  Dover 

'^^^tirsion. 

Mr.  Osborne  White  read  a  paper  "On  the  Origin  of  the 
^^gh  Level  Gravels  with  Triassic  dSdris  adjoining  the  Valley  of 
ta^  Upper  Thames,"  and  illustrated  his  remarks  with  maps  and 
specimens. 
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ORDINARY  MEETING. 
Friday,    July     2nd,     1897. 
E.  T.  Newton,  F.R.S.,  President,  in  the  Ch: 

The  following  were  elected  members  of  the  1 
Miss  Macmillan  Scott  and  Miss  Ellen  S.  Monk. 

Frederick  Douglass,  B.Sc,  was  nominated  for  mei 

The  President  called  attention  to  the  loss  the 
was  about  to  suffer  owing  to  the  retirement  of  thi 
Secretary,  Mr.  C.  D.  Sherborn,  who  for  the  past  eigl 
fulfilled  the  duties  of  his  office  in  a  most  efi^cient  ai 
manner.  The  flourishing  condition  of  the  Associatio 
evidence  of  the  skill  and  tact  of  its  Honorary  Secreta 

The  Council  and  members  much  regret  that  1^ 
has  found  it  necessary  to  take  this  step,  and,  whils 
accepting  his  resignation,  desire  to  record  their  since 
tion  of  his  services,  and  to  offer  him  their  warmest  th 
time  and  trouble  he  has  so  freely  bestowed  upon 
the  Association. 

The  President  exhibited,  on  behalf  of  Mr.  Kenn 
Pearl  from  the  Coralline  Crag. 

The  following  papers  were  read  with  reference 
Excursion  : 

"An  Outline  of  the  Geological  History  of  the  Rocks  aroui 
by  J.  G.  GOODCHILD,  H.M.  Geol.  Survey. 

"  On  the  Excursions  from  Bathgate  to  Linlithgow,  and  fron 
Elie,"  by  Prof.  James  Gkikie,  LL.D.,  F.R.S. 

"  Fish  Remains  in  the  Abden  Bone-bed,"  by  R.  1 
M.D.,  F.R.S. 

"  On  the  Stirling  District,"  by  H.  W.  MONCKTON,  F.L.S., 

Mr.  Goodchild  explained  the  geology  of  thi 
District  (including  the  subject-matter  of  the  Paper 
trated  his  remarks  by  the  lantern. 

The  Secretary  announced  that  the  bulk  o 
forming  the  Library  of  the  Association  had  been 
St.  Martin  Free  Library,  and  were  available  for  reft 
the  Members  of  the  Association.  When  further 
have  been  made  due  notice  will  be  given  on  the  C 
until  that  notice  appears  no  book  can  be  borrowed 
Martin  Free  Library. 
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ORDINARY  MEETING. 

Friday,    July    2Nd,     1897. 

E.  T.  Newton,  F.R.S.,  President,  in  the  Chair. 


i.l 


The  following  were  elected  members  of  the   Association: 
Miss  Macmillan  Scott  and  Miss  Ellen  S.  Monk. 

Frederick  Douglass,  B.Sc,  was  nominated  for  membership. 

The  President  called  attention  to  the  loss  the  Association 
was  about  to  suffer  owing  to  the  retirement  of  the  Honorary 
Secretary,  Mr.  C.  D.  Sherborn,  who  for  the  past  eight  years  had ». 
fulfilled  the  duties  of  his  office  in  a  most  efficient  and  energetic  r 
manner.     The  flourishing  condition  of  the  Association  is  the  best  b  t 
evidence  of  the  skill  and  tact  of  its  Honorary  Secretary.  fj,\ 

The  Council  and  members  much  regret  that  Mr.  Sherbom 
has  found  it  necessary  to  take  this  step,  and,  whilst  reluctantlj  J 
accepting  his  resignation,  desire  to  record  their  sincere  apprecift-  \fi 
tion  of  his  services,  and  to  offer  him  their  warmest  thanks  for  the  iv 
lime  and  trouble  he  has  so  freely  bestowed  upon  the  affairs  of  >* 
the  Association. 

The  President  exhibited,  on  behalf  of  Mr.  Kennard,  a  Fossil 
Pearl  from  the  Coralline  Crag. 

The  following  papers  were  read  with  reference  to  the  Long 
Excursion  : 

"An  Outline  of  the  Geological  History  of  the  Rocks  around  Edinburgh,** 
by  J.  G.  GOODCHILD,  H.M.  Geol.  Survey. 

"  On  the  Excursions  from  Bathgate  to  Linlithgow,  and  from  St.  Monaas  to  '  j 
Elic,'*  by  Prof.  James  Gkikie,  LL.D.,  F.R.S.  j  j 

"Fish  Remains  in  the  Abden  Bone-bed,"  by  R.  H.  Traquair, 
M.D.,  F.R.S. 

"  On  the  Stirling  District,"  by  H.  W.  MONCKTON,  F.L.S.,  F.G.S. 

Mr.  GooDCHiLD  explained  the  geology  of  the  Edinburgh 
District  (including  the  subject-matter  of  the  Papers),  and  illus- 
trated his  remarks  by  the  lantern. 

The  Secretary  announced  that  the  bulk  of  the  books 
forming  the  Library  of  the  Association  had  been  removed  to 
St.  Martin  Free  Library,  and  were  available  for  reference  only  to 
the  Members  of  the  Association.  When  further  arrangements 
have  been  made  due  notice  will  be  given  on  the  Circulars ;  hit 
until  that  notice  appears  no  book  can  be  borrowed  from  the  SL 
Martin  Free  Library. 


July,  1897.] 
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HJTLINE  OF  THE  GEOLOGICAL  HISTORY 
IP  THE  ROCKS  AROUND  EDINBURGH. 


GOODCHILD,  H.M.  Geol.  Survey,  F.G.S.,  F.Z.S.,  M.B.O.U.,  Curator  of  the 
taction  of  Scottish  Geology  and  Mineralogy  in  the  Edinbuigh  Museum  of  Science 
lArt. 

»mi,  i3j7.     Commnnicatid  by  permisti^H  0/  tJU  Dtnetffr-GtfumI  »/  the 

Gtelogical  Survey.] 


Introduction. 

geological  structure  of  the  district  of  which  Edinburgh 

the  centre  is  so  complex,  and  the  evidence  available  for 

'  is  of  so  disconnected  a   character,  that  it  is  hardly 

even  with  the  aid  of  good  maps  and  guides,  to  study  all 

itial  features  in  less  time  than  twenty  whole  days.     One 

is  true,  visit  and  carefully  examine  part  of  the  field 

in  less  time  than  that ;   but  to  attempt  to  gain  any 

sight    into   the   geological  structure  of  the  district  as  a 

in  less  time  than  that  named  would  be  to  leave  unseen 

evidence  of  a  kind  that  cannot  well  be  gathered  from 

laps  or  books.     Without  a  proper  understanding  of  much 

evid*^nce  in  the  field,  the  geologist  simply  has  to  take 

from  others,  statements  which  it  is  of  much  importance 

should  test  on  the  ground  for  himself,  if  his  visit  is  to 

il  use. 

writing  the  outline  which  follows,  I  have  borne  this 
constantly  in  mind,  and  have  endeavoured  to  plan  such 
(e  of  excursions  as  may,  when  completed,  form  a  con- 
series,  which  will  enable  the  geologist  who  studies 
lence  on  the  ground,  with  the  Geological  Survey  Maps  in 
^togain  a  comprehensive  view  of  at  least  the  broader  features 
locality  visited,  and  to  pass  from  the  consideration  of 
tt  part  of  the  geological  record  extant  around  Edinburgh 
step  to  that  of  successively-later  chapters  of  its  history 
the  commencement  of  Upper  Carboniferous  times.  In 
icluding  note  some  features  of  interest  in  connection  with 
jr  records  of  the  district  have  received  attention.  To 
|i^any  of  the  larger  details  within  these  outlines  the  Geologists' 
psiation  will  need  to  come  again. 

^Ittve  accordingly  arranged  to  study  (i)  in  the  Pentland 
'^  tiie  Lower  or  Caledonian  Old  Red  Volcanic  Rocks,  and 
lelation  to  the  Silurian  rocks  below  and  to  the  Carboniferous 
lOUST,  1897.1  9 
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rocks  above;  then  (2)  at  Copeth*  (Siccar  Point),  the  relation 
of  the  Upper  Old  Red  Sandstone  to  the  rocks  older  in  the  series 
(here  the  Gala  terrene  of  the  Silurians) ;  next  (3)  to  study  the 
older  part  of  the  Lower  Carboniferous  strata  and  their  associated 
volcanic  rocks  in  and  around  Arthur's  Seat  ;  then  (4)  to  take 
up  the  history  of  the  Lower  Carboniferous  rocks  at  Burntisland 
and  carry  it  on  by  studying  the  fine  sections  exposed  between 
KiNGORN  and  Kirkcaldy,  until  we  arrive  within  sight  of  the 
base  of  the  Upper  Carboniferous  rocks  at  the  town  last  named. 

Beyond  that,  part  of  the  later  history  will  be  taken  up  by 
Professor  Geikie  at  St.  Monans  and  Elie. 

Finally  we  shall  study  (5)  some  further  part  of  the  later  history 
of  the  district  by  the  aid  of  what  can  be  seen  at  the  Blackford 
and  Braid  Hills. 

Owing  to  tides,  and  other  circumstances,  these  excursions 
cannot  well  be  arranged  in  the  consecutive  oider  here  given ;  but 
this  will  not  materially  affect  the  general  plan. 

The  Comparative  Table  of  Lower  Carboniferous  Rocks 
(PI.  VI)  appended  to  this  will  serve  to  explain  much  referred 
to  in  the  text. 

I. — Pentland  Excursion. 

Leaving  the  Caledonian  Station  by  train  for  Balerno,  we  enter 
upon  the  part  of  the  Lower  Carboniferous  rocks  in  which  are 
situated  the  Sandstones  of  Hailes,  Redhall,  and  Craigleith,  and 
their  associated  shales  of  Wardie,  etc.,  and  we  continue  along  their 
strike  nearly  the  whole  distance.  The  route  lies  most  of  the  way 
amongst  the  picturesque  scenery  of  the  Water  of  Leith.  On  our 
right  as  we  go  lie  strata  which,  on  the  whole,  are  somewhat 
higher  in  the  Lower  Carboniferous  series;  on  our  left  successively- 
lower  beds,  also  of  Lower  Carboniferous  age,  rise  with  the  dip,  or 
are  faulted  up  to  the  surface,  so  that  lower  and  older  beds  form 
the  rising  ground  in  that  direction.  With  the  uprise  of  the 
Carboniferous  strata  the  base  is  eventually  brought  to  the  surface, 
and  there  emerges  from  beneath  that  base  the  tnassif  of  older 
rocks  which  once  formed  the  floor  upon  which  the  Carboniferous 
rocks  lay,  but  which,  owing  to  its  having  been  bent  into  an  anti- 
clinal fold  from  which  the  Carboniferous  rocks  have  been  subse- 
quently denuded,  is  now  left  as  the  hard  core  of  that  anticlinal, 
which  has  been  carved  by  rain  and  rivers  into  picturesque  moun- 

*  Generally  spelled  **  Cockbumspath  "  ;  the  termination  /ietk  occurs  in  Morpeth,  Elspetb, 
Brancepeth  :  in  rethhead,  Peth  o'  Condy,  and  others.  It  is  said  to  be  Celtic,  and  to  mean 
'•  a  grassy  flat  at  the  foot  of  a  steep  bank." 

Postscript. — Since  the  foregoinf^  notes  were  written  Sir  Archibidd  Geikie's  AncitHi 
I'oicanoes  of  Great  Britain  has  api)eared.  I  have  not  yet  had  time  to  read  it  through,  but  I 
have  nlre.idy  seen  enough  of  it  to  warrant  me  in  warmly  recommending  its  study  to  all  those 
who  really  (fesire  to  understand  this  most  fascinating  branch  of  geology  ;  and  especially  to 
those  who  wish  to  learn  all  that  is  known  regarding  the  volcanic  rocks  around  Edinburgh. — 
J.  G.  G.,  May  Mth,  1897. 
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tains  and  valleys.    In  brief,  this  may  be  regarded  as  the  history 
of  the  Pentlands  as  a  mountain-chain. 

With  the  history  of  the  Carboniferous  rocks  there,  we  have  on 
this  occasion  but  little  concern ;  it  will  suffice  to  repeat  that,  as 
we  ascend  the  slopes  leading  to  the  Pentlands  from  Balerno 
Station,  we  pass   over  the  edges   of  successively-lower  strata, 
until  at  Bavelaw  Castle  we  come  down  upon  the  Upper  Old  Red, 
and,  not  much  farther  on,  we  meet  with  highly-inclined  rocks  of 
Silurian  age,  upon  whose  upturned  edges  the  Upper  Old  Red 
here,  as  at  the  Siccar  Point,  lies  with  a  violent  unconiormity. 
The  Silurian  rocks  referred  to  are  part  of  the  mass  of  highly- 
plicated  greywackes  and  argillites  of  Wenlock  to  Ludlow  age, 
^hose  denuded  edges  constitute  the  floor  upon  which  the  chief 
masses  of  the  Pentlands  were  laid  down.    These  have  the  S.£. 
strike  which  characterises  all  the  Pre- Devonian  rocks  in  the  south 
of  Scotland.    In  the  quarries  and  the  natural  sections  to  be  visited 
by  the  Association  a  few  fossils  are  to  be  found  by  carefully 
searching  the  rocks.      These  organic  remains  are  chiefly  small 
mollusca  and  brachiopoda,  with  a  few  monoprionidian  grapto- 
lites,  such  as  Monograptus  priodon^  M,  colonus^  M.  vomerinus, 
and  Retiolites.     The  chief  Pentland  localities  for  fossils  are,  how- 
ever, some  distance  off,  and  could  not  well  be  visited  by  the 
Association  on  the  present  occasion. 

Upon  the  upturned  ends  of  these  Silurian  rocks  (and  also  in 
places  upon  the  upturned  ends  of  the  sandstones  which  are 
generally  classed  with  the  Lower  Old  Red)  lies,  with  a  violent 
unconformity,  the  Old  Red  Series  (Caledonian  Old  Red,  miht)  of 
the  Pentlands.  Where  these  rocks  are  most  fully  developed  they 
consist  of  a  considerable  thickness  of  basal  conglomerates  (very 
probably  filling  up  old  valleys,  and  representing  the  torrential  debris 
of  this  part  of  the  Devonian  period  here),  which  conglomerates 
are  succeeded  by  fully  6,000  feet  of  lavas  and  tuffs,  with  some 
few  bands  of  sandstone.*  The  whole  series  was  almost  certainly 
laid  down  under  continental  conditions,  while  sub-arid  meteoro- 
logical conditions  prevailed.  Their  relations  to  the  overlying 
Upper  Old  Red,  and  to  the  Silurians  as  well  as  to  both  the 
Lower  Old  Red  Sandstones,  are  shown  diagrammatically  on  the 
plate  of  sections  accompanying  this. 

The  conglomerates,  as  might  be  expected  to  be  the  case  under 
these  circumstances,  are  of  very  local  occurrence ;  so  that  in  places 
they  are  entirely  absent,  and  the  lavas  repose  directly  upon  the 
floor  formed  by  the  edges  of  the  Silurian  Rocks.  This  is  the  case 
close  to  Bavelaw  Castle.  The  conglomerates  (here,  as  elsewhere) 
are  full  of  interest,  if  only  on  account  of  their  containing  a  most 
varied  assortment  of  rocks  derived  from  the  Lower  and  Upper 
Silurian,  etc.,  rocks  of  the  Southern  Uplands.     They  are  seen  in 

•  Sir  Archibald  Geikie  {Ancient  Volcanoes  of  Great  Britain)  Rives  a  most  valuable 
SQnunary  of  what  Is  known  regarding  the  rocks  of  Devonian  age  ot  the  Pentlands,  etc. 
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Logan  Bum  and  Monksburn,  and  they  include  in  these  places 
many  blocks  of  the  Arenig  Radiolarian  Chert,  now  ahered  into 
jasper ;  also  blocks  of  the  Haggis  Rock,  a  conglomerate  of  Bala 
age ;  and  a  host  of  other  rocks  as  well.  In  addition  to  these,  this 
Pentland  conglomerate  has  long  been  celebrated  for  containing 
blocks  of  a  fossiliferous  limestone,  which  has  hitherto  not  been 
satisfactorily  traced  to  its  parent  source.  Mr.  Peach  thinks  it 
may  be  one  of  the  Silurian  limestones,  which  locally  occur  at  no 
great  distance.  Its  fossils,  however,  appear  to  many  persons  to 
possess  a  different  facies  from  those  of  the  Silurian  rocks. 

During  the  building  up  of  the  volcanic  rdcks  which  now  form 
the  Pentlands,  it  must  often  have  happened,  especially  towards 
the  close  of  the  period  when  the  volcanoes  had  reached  a  great 
size,  that  the  superincumbent  pressure  upon  the  molten  rock  rising 
in  the  direction  of  the  surface  was  too  great  for  the  subterranean 
impelling  agent  to  overcome.  Under  those  circumstances,  much 
of  the  rock  that  would  have  taken  on  the  form  of  a  lava  flow,  if  it 
had  risen  to  the  surface,  was  forced  in  amongst  the  strata  under 
ground.  In  some  parts  it  would  invade  the  Silurian  rocks,  in 
others  the  overlying  conglomerates,  and  in  yet  other  localities  the 
lavas  and  tuffs.  One  such  mass,  of  considerable  size,  and  producing 
contact  phenomena  of  considerable  interest,  will  be  passed  on  the 
way  across  the  hills.  This  is  the  rock  of  Black  Hill,  which, 
by  the  way,  may  really  be  of  the  nature  of  a  laccolite — that  is 
to  say,  it  may  have  been  intruded  under  such  conditions  of 
temperature,  fluidity  of  the  mass,  and  superincumbent  pressure, 
as  to  allow  of  the  molten  mass  actually  lifting  the  overlying  strata, 
as  laccolites  are  shown  to  do  in  text-books,  and  as  intrusive 
masses  are  almost  never  found  to  do  in  the  field.  But  there  is 
no  clear  proof  that  it  is  so,  even  in  this  case. 

The  volcanic  rocks  consist  chiefly  of  lavas,  the  tuffs  being  thin 
and  relatively  unimportant  The  lavas,  lithologically  considered, 
are  somewhat  more  varied  than  is  usually  the  case.  Generally  the 
Old  Red  lavas  consist  of  but  little  else  than  one  or  other  of 
the  many  forms  of  Andesite ;  but  these  of  the  Pentlands  range 
almost  from  basalts,  or  at  least  from  basalt-andesites,  through 
andesites  of  various  kinds,  to  trachytes,  or  even  more  acid  lavas 
than  these.  The  lowest  lavas  are  andesitic,  then  come  more  acid 
rocks,  next  a  second  andesite  group,  followed  by  a  second  more 
acid  series,  and  terminated,  so  far  as  the  present  section  is  con- 
cerned, by  andesite  once  again.  A  few  necks,  representing  the 
cores  of  parasitic  cones,  occur  here  and  there,  but  are  not  seen 
along  the  line  between  Balemo  and  Penicuik.  It  will  be  seen  by 
the  Survey  Map  that  the  rocks  of  the  Braid  Hills  have  been 
mapped  as  part  of  a  great  neck.  Some  of  the  tuffs  show  interest- 
ing examples  of  raindrops,  which,  in  descending  through  an 
atmosphere  charged  with  flne  volcanic  dust,  have  caught  up  much 
of  this  and  have  reached  the  earth  as  globules  of  ashy  mud 


GEOLOGICAL  HISTORY  OF  ROCKS  AROUND  EDINBURGH.      181 

Dr.  Johnston  Lavis  appears  to  have  been  the  first  to  recognise 
these.  A  good  example  is  seen  in  a  quarry  between  Scald  Law 
and  Cametby. 

After  the  volcano  ceased  to  erupt,  the  whole  area  underwent 
some  disturbance  and  considerable  denudation,  and  then  the 
Upper  Old  Red  was  eventually  deposited,  still  under  continental 
conditions,  upon  the  very  irregular  surface  formed  by  the  older 
rocks.  After  that  came  a  change  of  climate  from  arid  to  humid, 
perhaps  as  a  consequence  of  the  descent  of  the  land.  During 
this  subsidence  the  Carboniferous  rocks,  twelve  or  more  thousands 
of  feet  in  thickness,  were  deposited  over  the  entire  area  now  occu- 
pied by  the  Pentlands. 

Of  its  later  history  there  is  no  need  to  state  much  here. 

Vallejrs  were  carved  into  the  massif  long  prior  to  the  Glacial 

Period.    During  that  time  land  ice  flowed  from  the  mountains  lying 

to  the  north-west  of  the  Forth  basin,  thence  up  the  Clyde,  over  the 

^^atershed  of  that  river  into  the  basin  of  the  Forth,  and  then  over 

^  the  hills  of  the  Lowlands  out  to  what  is  now  the  North  Sea. 

The  very  highest  summits,  as  well  as  the  slopes,  of  the  Pentlands, 

?*'©  marked  with  the  characteristic  grooves  and  striae  left  by  the 

*^^  ;  and  the  boulder-clay,  which  represents  the  mud  and  sediment 

ferried  upward  and  forward  in  the  ice  sheet,  now  forms  the  till,  and 

J^  the  source  of  the  many  far-derived  boulders  for  which  the  Pent; 

'^^d  area  has   long   been  famous.       Some    boulders  of  mica 

'^hist  from  near  Loch  Lomond  lie  close  to  the  path  from  Balerno 

^    Penicuik,  and  can  easily  be  inspected.     One  of  these  near 

'"^'^^^S^nlee  has  been  much  visited  and  often  described.    It  weighs 

^^^eral  tons. 

^  One  or  two  small  moraines  of  the  later  glaciers  occur  in  this 
'^^"ghbourhood ;  but  the  most  striking  example  is  to  be  found 
*^carcr  the  southern  end  of  the  Pentlands,  in  the  neighbourhood 
^t  AVest  Linton  and  Slipperfield,  where  a  fine  crescentic  group  of 
**^oraines  of  large  size  lies  off  the  mouth  of  one  of  the  larger 
^'^^^eys.  I  am  not  aware  that  its  nature  has  been  previously 
Noticed. 

.  Just  before  leaving  the  Pentlands  properly  so  called,  the  party 
^U  have  an  excellent  opportunity  of  obtaining  good  specimens  of 
^^  so^alled  "  porphjrrite  "  of  Camethy,  which  is  an  andesite  lava 
^otaining  large  tabular  crystals  of  twinned  labradorite.  Agates 
^^^^Ur  in  this,  as  does  also  mineral  bitumen,  together  with  small 
^'y^tals  of  cairngorm. 

The  Pentlands  are  bounded  on  the  east  side  by  a  large  fault, 
]J^ich  lets  down  the  Lower  Carboniferous  rocks  near  to  the  hills, 
^^se  dip  towards  the  low  ground  at  a  high  angle,  and  are 
^ined  by  infiltration  from  the  New  Red  rocks  which  have  lately 
^*^^^ppeared,  so  that  Upper  Carboniferous  rocks,  bright  red  in 
''^ny  cases,  occur  there  to  a  considerable  thickness,  and  were  at 
OQe  time  regarded  as  Permian. 
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Close  to  the  boundary  fault  occurs  a  small  group  of  eskers, 
which,  as  the  present  writer  first  suggested  in  1874,*  represent 
the  stony  materials  which  were  liberated  from  the  interior  of  the 
ice  sheet  on  to  its  surface  as  it  melted,  and  were  afterwards  washed 
down  into  the  gradually-widening  crevasses. 


II— SiccAR  Point  and  "  Cockburnspath  "  or  Copeth. 

On  the  arrival  of  the  train  at  "  Cockburnspath"  (or  Copeth,  as 
it  is  locally  and  more  commonly  called),  the  party  will  walk  along 
the  road  in  the  direction  of  Berwick.  Part  of  the  way  the 
journey  will  lie  over  the  sandstones  at  the  base  of  the  Lower 
Carboniferous  Rocks,  and  then  for  a  short  distance  over  the 
Upper  Old  Red  Sandstone.  At  Peaseburn  a  fine  example  of  a 
dene  eroded  in  these  rocks  will  be  examined.  The  Old  Red  here 
consists  of  the  usual  alternations  of  red  sandstone  and  con- 
glomerate, which  dip  in  a  northerly  direction  or,  on'  the 
whole,  down  the  burn.  The  dene  is  a  typical  example  of  a 
smaller  valley,  more  or  less  in  the  form  of  a  canon,  lying  within  a 
larger  valley  whose  sides  slope  at  a  much  lower  angle.  Its  history 
appears  to  be  that  the  larger  valley  was  shaped  by  sub-aerial  causes 
by  the  ancestor  of  the  present  burn  before  the  Glacial  Period, 
when  the  land  stood  at  a  much  higher  level,  and  when  what  is 
now  the  North  Sea  was  then  simply  the  valley  of  the  Rhine, 
During  the  Glacial  Period  the  old  valley  was  modified  by  glacial^ 
action,  one  of  the  results  being  the  formation  of  a  series  of 
grooves  of  glacial  origin,  which,  as  Sir  Archibald  Geikie  pointed 
out  in  the  GeoL  Survey  Memoir  on  the  Geology  of  the  Berwick 
Coast,  here  furrow  the  surface  of  the  rocks  in  a  south-easterly 
direction.  Near  the  close  of  the  Glacial  Period  the  land  had 
subsided  to  considerably  below  its  present  level.  On  the  dis- 
appearance of  the  ice,  the  water  of  the  North  Sea  gained  admit- 
tance to  this  part,  perhaps  for  the  first  time,  and  some  of  the 
higher-lying  marine  terraces  were  formed,  of  which  conspicuous 
examples  do  not  happen  to  occur  in  this  immediate  neighbour- 
hood. Under  these  conditions  the  flow  of  the  Peaseburn  at  this 
point  must  have  been  reduced  to  its  lowest  possible  rate,  with,  as 
a  consequence,  a  minimum  amount  of  vertical  erosion  compared 
with  the  lateral.  Then  the  land  rose  in  a  succession  of  starts, 
with  long  pauses  between  each.  At  every  uprise  the  rate  of  flow 
of  the  stream  at  a  point  close  to  the  sea  must  necessarily  have 
been  increased  in  proportion  to  the  gradient  so  formed,  and  th& 
vertical  eroding  power  of  the  burn  was  therefore  increased  in 
relation  to  the  rate  of  lateral  erosion.     Patches  of  the  old  alluviuna. 

*  Geol,  Mag.,  Nov.,  1874,  "  On  Drift." 
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found  when  the  land  stood  at  a  much  lower  level  above  the  sea 
remain  on  the  edges  of  some  of  these  denes  fifty  or  sixty  feet 
aibove  the  present  level  of  the  stream. 

Leaving  Pease  Bridge  the  party  will  next  walk  in  the  direction 
of  the  quarries  at  Old  Cambus.     Here  the  rocks  consist  of  close 
alternations  of  beds  of  greywacke  and  argillite,  this  latter  being 
occasionally  affected  by  cleavage,  and  therefore  becoming  a  slate. 
The  rocks  in  question  belong  to  the  Gala  Group,  equivalent  to 
the  Welsh  Tarannon  subdivision  of  the  Silurian,  and  the  equiva- 
lent in  time  also  of  the  Pale  Slates  of  the  English  Lake  District. 
-As  might  be  expected,  considering  their  mineral  composition, 
they  are  very  much  thicker  than  their  deep-water  equivalents  in 
the  Lake  District     They  have  been  subjected  to  intense  com- 
pression, which  has  thrown  them  into  a  series  of  complex  folds 
'^hose  axes  range  in  a  general  N.E.  and  S.W.  direction.     Professor 
^^pworth  pointed  out  many  years  ago  that  it  is  rocks  mainly  of 
5^is   age,  repeated    by  innumerable  closely-pressed  and  often 
^'^verted  folds,  which  constitute  fully  one-third  of  the  superficial 
*rca  of  the  Scottish  Southern  Uplands.     It  is  almost  entirely  out 
of  these  convoluted  greywackes  and  argillites  that  the  Lammer- 
**^uirs  and  Moorfoot  Hills  have  been  shaped.     It  is  these,  also, 
^'''hich  form  the  striking  range  of  cliffs  of  greater  part  of  the 
-^^rwickshire  coast     Figures  showing  the  remarkably  convoluted 
character  of  these  rocks  are  given  in  the  Survey  Memoir  by  Sir 
-Archibald  Geikie  on  Sheet  34,  Scotland. 

It  can  easily  be  shown  that  the  disturbances  to  which  these 
Convolutions  are  due  commenced  at  a  period  late  in  the  history 
^f  the  Silurian  rocks  themselves,  and  were  continued,  con- 
temporaneously with  denudation  to  a  prodigious  extent — many 
thousands  of  feet  of  rock  having  been  removed  in  the  process — 
^^litil  the  rocks  were  planed  down  to  near  the  geological  horizons 
Out  of  which  much  of  the  present  surface  is  shaped.  Upon  the 
Upturned  and  denuded  edges  of  these  were  afterwards  laid  down 
^he  great  group  of  volcanic  rocks  whose  remnants  constitute 
^he  Cheviots,  and  many  of  the  patches  of  eruptive  rocks  seen 
^long  the  coast  from  a  little  north  of  Berwick  to  St.  Abb's 


Long  after  volcanic  action  ceased  arid  or  perhaps  even  desert 

^^nditions  set  in  here,  and  it  was  under  these  conditions,  while 

^e  land  stood  at  a  much  higher  level,  that  the  Upper  Old  Red 

^^ndstone  was  formed.     This  consists  partly  of  torrential  deposits, 

^^iefly  accumulated  in  old  wadys,  strata  formed  in  inland  lakes, 

?^*^ci  wind-blown  sands.     Then  came  a  gradual  change  from  arid  to 

■^Uoaid  conditions,  accompanying — and  probably  a  consequence 

^^'-— the  long-continued  subsidence  under  which  the  Carboniferous 

^^^Hilts  were  formed.     After  a  long  series  of  other  changes  the  newer 

r^^^lis  were  in  their  turn  removed  and  the  present  surface  features 
left. 
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The  party  will  spend  about  one  hour  at  Old  Cambus  Quarry, 
where  typical  examples  of  the  fossils  characteristic  of  the  Gala 
Group,  or  of  rocks  in  general  of  Tarannon  age,  may  be  found. 
Here,  on  Easter  Monday  of  1897,  the  present  writer's  students 
obtained  ten  species  of  graptolites.  These  were  identified  by 
Mr.  Macconochie  as :  Monograptus  priodon^  M,  pandus^  M. 
vomerinus^  M,  exiguus,  M,  turriculatuSy  M,  convolutus^  M. 
hisingeri^  M,  crispus^  M,  leptotheca^  and  Diplograptus  sinuatus; 
together  with  many  good  examples  of  "  annelid  "  tracks. 

After  leaving  Old  Cambus  Quarry  the  party  will  traverse  one 
of  the  remarkable  south-easterly  grooves  above  referred  to  as 
occurring  so  commonly  along  this  part  of  Berwickshire.  Like  the 
easterly  grooves  of  the  Lothians,  these  Berwickshire  grooves 
coincide  in  direction  with  the  glacial  markings,  and  with  the 
general  direction  of  transport  of  the  far-travelled  boulders.  I 
do  not  hesitate  to  regard  the  furrows  in  question  as  the  work 
of  land  ice  during  the  Glacial  Period,  as  was  originally  suggested 
thirty-four  years  ago  by  Sir  Archibald  Geikie.* 

After  a  walk  of  a  few  hundred  yards  along  the  furrow  just 
mentioned,  the  party  will  climb  its  eastern  bank,  and  in  the  course 
of  a  few  minutes'  walk  will  find  themselves  at  the  edge  of  a  cliff 
of  thinly  bedded  bright-red  sandstone.  This  is  the  Upper  Old 
Red.  It  is  somewhat  disturbed  and  faulted.  It  yields  scales  of 
Holoptychius  along  one  of  the  bands,  which  band,  though  easOy 
seen,  there  will  not  be  time  to  visit.  Going  northwards  along 
the  edge  of  the  cliff  about  a  hundred  yards  or  so,  we  come 
upon  a  steep  grassy  bank  leading  down  to  the  foot  of  the 
cliff.  Taking  due  precautions  in  the  descent,  we  soon  find  our- 
selves face  to  face  with  the  celebrated  unconformable  junction 
of  the  Upper  Old  Red  Conglomerate  and  the  Silurian  (Tarannon) 
rocks,  first  recognised  by  Hutton.  These  latter  are  almost 
exactly  vertical,  and  strike  at  right  angles  to  the  coast,  wbUe 
the  Old  Red  lies  with  a  very  gentle  inclination  upon  the  edges 
of  the  older  rocks,  and  strikes  in  a  general  way  nearly  parallel  to 
the  coast.  It  will  be  observed  that  the  plane  of  junction  between 
the  two  formations  is  a  somewhat  uneven  one,  as  indeed  is 
usually  the  case  with  strata  formed  under  continental  conditions, 
especially  when  these  coincide  with  an  area  of  small  rainfall.  As 
other  examples  of  strata  so  formed,  the  New  Red  and  the 
Torridonians  may  be  mentioned.  The  conglomerate  is  of  course 
made  up  largely,  though  not  exclusively,  of  the  finer  torrential 
matter  transported  from  the  areas  of  older  palaeozoic  rocks.  It 
contains  in  addition  to  these  constituents  some  stones  from  the 
older  Old  Red  which  formerly  covered  these  parts,  and  also  some 
few  others  whose  origin  cannot  be  traced  with  certainty. 

It  may  be  of  interest  to  reflect  upon  the  time  represented  \yf 

*  op,  cU],  p.  $2. 
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grand  example  of  an  unconformity.      According  to  the 

mputation  made  by  the  writer,  the  changes  that  took  place 

^ter  the  formation  of  the  Gala  or  Tarannon  Rocks  at  the  Siccar 

5>iDt  and  before  the  commencement  of  the  period  when  the 

pper  Old  Red  was  formed,  require  for  their  accomplishment 

50|0oo,ooo  years,* 

Returning  to  the  edge  of  the  cliff,  the  party  will  walk  north- 
'^-ard  along  the  strike  of  the  Old  Red  for  about  a  quarter  of  a 
ile,  beyond  which  they  will  again  descend  to  the  beach,  for  the 
l^urpose  of  studying  the  petrographical  characters  of  the  Upper 
^^M  Red,  of  which  rock  at  one  point  a  considerable  thickness 
"^''ill  be  traversed.  The  beds  above  the  basement  conglomerate 
^^^^nsist  of  alternations  of  sandstones  and  flags,  showing  much 
^^'ongly  marked  false-bedding,  such  as  occurs  in  desert  sandhills, 
^Pgether  with  beds  of  red  marl,  which  probably  represent  deposits 
formed  in  the  "schotts"  of  the  period.  Poikilitic  mottling  is 
x^markably  well  seen  in  many  places.  Much  of  the  sandstone 
^^psists  of  well-rounded  grains  of  quartz,  etc.,  in  no  way  distin 
^ishable,  except  in  colour,  from  the  desert  sands  of  Egypt  of 
^«e  present  day.  Much  secondary  quartz  is  deposited  upon  the 
**ces  of  the  cleaner  of  these  grains,  and  very  beautiful  examples 
^^^  easily  be  obtained. 

^fter  a  rough  scramble  over  the  fallen  blocks  for  a  distance  of 
*  few  hundred  yards,  we  find  ourselves,  as  we  go  northward, 
crossing  ^^e  edges  of  sandstones  and  marls  in  which  the  ferric 
oxide  colouration  gradually  disappears,  and  in  which  more  or  less 
^^oareous  concretionary  masses  begin  to  make  their  appearance 
*tt  tbe  sandstone.  These  evidently  mark  the  incoming  of  more 
Oil  mid  conditions  and  the  gradual  increase  in  organic  matter 
swept  into  the  waters.  By  degrees,  as  the  succession  is  followed 
poirthward  and  upward,  plant-  and  animal-remains  begin  to  occur 
^^  the  rocks,  the  sandstones  no  longer  consist  of  rounded  grains 
of*  sand  and  are  no  longer  red  or  mottled,  and  we  are  at  the  base 
0^    the  Carboniferous  rocks. 

If  time  permit,  these  Carboniferous  rocks  may  be  followed  as 
far  as  Cove ;  otherwise  the  ascent  will  be  made  sooner. 


III. — Arthur's  Seat. 

jj  .  ^he  earlier  chapters  of  the  geological  history  of  Arthur's  Seat 
jj^?K  before  us  a  record  of  an  old  land  surface,  probably  formed 
^^»ily  of  rocks  belonging  to  the  Caledonian  Old  Red,  but  partly 
otl?  shaped  out  of  the  ends  of  highly  contorted  Silurian  and 
^^r  rocks  of  still  older  date.  There  is  good  reason  for  believing 

^*  pooddiild,  "Age  of  tbe  Earth."  Prve,  Royai  Physicai  Socuty  (1897),   vol.   xiii, 
"^■59-308. 
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that  the  land  surface  in  question  was  one  presenting  much  irr^;u- 
larity  of  form ;  but  whether  any  of  the  eminences  formed  of  these 
older  rocks  which  exist  as  elevated  areas  now  were  such  then,  is 
by  no  means  certain  in  all  cases.  The  Upper  Old  Red  Sandstone 
which  was  deposited  upon  this  surface  certainly  contains  records 
of  a  period  when  arid  conditions  prevailed  here;  for  whatever  rain 
fell,  came  at  intervals  too  irregular  to  permit  of  the  growth  of 
vegetation.  Hence,  where  the  form  of  the  ground  was  such  as  to 
permit  of  the  existence  of  lakes,  the  quantity  of  organic  matter 
swept  into  those  lakes  was  usually  too  small  to  reduce  the  iron 
salts  carried  in  solution  into  them.  Consequently  these  iron  salts 
were  usually  left,  coating  the  sand  grains  as  ferric  oxide.* 

Under  these  arid  conditions  was  formed  a  series  of  deposits 
which,  in  some  places,  were  simply  accumulations  of  wind-blown 
sands,  in  others  torrential  deposits  filling  up  the  old  wadys,  in  yet 
others  deposits  formed  in  old  *'  schotts,"  like  those  of  Algeria. 
Hence  the  distribution  of  the  Upper  Old  Red,  here  as  elsewhere, 
is  one  of  great  irregularity  ;  and  there  are  necessarily  many  areas 
where  no  deposits  of  any  kind  belonging  to  this  period  were  left 

Rocks  formed  in  this  way  constitute  the  surface  strata  all  over 
the  southern  part  of  Edinburgh. 

Towards  the  close  of  the  period  subsidences  of  a  local  nature 
commenced,  and  were  continued  for  some  time.  One  important 
result  of  the  change  was  the  introduction  of  meteorological  con- 
ditions of  a  different  order  from  what  had  prevailed  before.  Rain 
fell  with  more  regularity,  the  quantity  of  aqueous  vapour  in  the 
atmosphere  considerably  reduced  the  diurnal  range  of  temperature, 
and  rock-weathering  of  the  normal  type  again  prevailed.  With  the 
return  of  humid  conditions  vegetation  flourished,  and  animal  life 
began  to  abound. 

It  was  under  these  conditions  that  the  rocks  occurring  in  the 
noithern  part  of  the  Old  Town  of  Edinburgh  and  the  western 
parts  of  the  Queen's  Park  were  formed.     The  sea  had  not  yet 
gained  a  permanent  entry  ;  but  the  area  probably  formed  part  of 
a  lagoon,  or  consisted,  perhaps,  of  a  series  of  lagoons,  liable  to 
alternate   flooding   and  desiccation  ;   the  rate  of  deposition  of 
rock  material  brought  in  by  the  old  river,  whose  course  here  lay 
south-eastward,  being  generally  balanced  by  the  rate  of  subsidence. 
During  the  periods  of  drought  concentration  of  the  salts  brought 
down  by  the  river  went  on,  and  we  accordingly  find  temporary 
records  of  an  occasional  return  to  conditions  similar  to  those 
under  which  the  Upper  Old  Red  was  formed.     Sun  cracks,  rain 
prints,  shale  galls,  pseudomorphs  of  rock-salt,  variegated  sand- 
stones and  marls — here  reddish,  there  green — are  found  alternately 
with  sandstones  and  shales  of  the  normal  colour.     But  owing  to 
the  frequent  presence  of  organic  matter  in  the  river  water,  ferric 

*  See  Hudlestone,  Proc,  Gtol,  Assoc^  vol.  xi,  p.  104. 
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oxi^e  was  precipitated  much  less  frequently  than  before.     The 
same  cause  also  gave  rise  to  another  effect  of  some  interest  and 
importance.    The  river  brought  down  lime-salts  in  solution,  pio- 
i>a.l3ly  sulphate  of  lime  amongst  the  others.    The  joint  action  of 
desiccation  and  the  presence  of  organic  matter  gave  rise  to  the 
precipitation   of   much    of    this.       Generally    the    precipitated 
<ra.rbonate  of  lime  took  the  form  of  nodular  concretions,  or  corn- 
stones;  but  in  many  cases  here  it  would  seem  to  have  been 
deposited  in  the  form  of  thin  crusts.     These  irregular  sheets  of 
cl^emically-formed  carbonate  of  lime  were  generally  broken  up, 
sind  their  fragments  drifted  seawards  each  time  a  flood  came,  and 
^flrere  thus  mingled  with  the  older  derivative  material  being  swept 
forward  by  the  currents. 

Under  some  such  conditions  as  these  were  the  rocks  formed 
nvbich  now  constitute  the  dip  slopes  on  the  west  side  of  Hunter's 
Sog,  and  most  of  the  steep  scarp  extending  downward  from 
Salisbury  Crag  to  the  Queen's  Drive  below ;  they  are  also  well 
seen  on  the  south-east  side  of  the  Edinburgh  Castle  Rock  and  at 
Craigmillar,  from  which  locality  they  are  named. 

These  strata  exactly  correspond  in  petrographical  character 
a.n<l  in  stratigraphical  position  to  the  rocks  called  the  Lower  Lime- 
stone Shale  on  the  English  side  of  the  Border. 

Then  followed  a  more  rapid  subsidence,  during  which  the  sea 
i^aaiy  frequently  have  gained  admission,  although  the  general  absence 
of  organic  remains  forbids  us  to  speak  with  absolute  confidence 
^pon  this  point  Under  these  conditions  was  formed  a  mass  of 
shales  and  cement  stones,  with  occasional  bands  of  sandstone, 
^J^d  some  few  bands  of  limestone  of  a  peculiar  type.  The  rocks 
"^ferred  to  are  the  Ballagan  Beds  of  Glasgow  geologists.  They 
^""c  probably  the  same  as  the  Cement  Stone  Series  of  the  Border 
^o^nties  and  the  lower  part  of  the  Roman  Fell  Series  (and  there- 
'^'"c of  the  Mountain  Limestone)  of  Westmoreland,  as  is  shown  in 
^■^c  comparative  sections  appended  to  this. 

While  these  rocks  were  in  process  of  formation  here  a  volcano, 

*">  perhaps,  a  series  of  volcanoes,  arose  in  some  part  of  the  area 

1^  the  west  of  the  area  specially  under  notice.     (Many  geologibts, 

/^king  westward  from  the  present  Arthur's  Seat,  have  been  led 

^  speculate  whether  the  Edinburgh  Castle  Rock  might  not  mark 

J^^  site  of  the  volcano  in  question ;  but  upon  this  point  there  is 

^  present  not  much  agreement  amongst   them.)     The  precise 

,  ^tuje  Qf  Its  earliest  eruptions  must   always   remain   unknown ; 

^^^    we  do  know  that   while   the   Ballagan    Beds  were  being 

.•^Posited  in  the  area  now  represented  by  the  Queen's  Park  and 

5^^   Calton    Hill   the   volcano   did   now  and  then,  early  in    its 

^^^elopmental  history,  give  rise   to  explosive   eruptions,  which 

^^^^a^ionally  were  of  a  sufficiently  violent  nature  to  project  more 

1^  less  fragmentary  eruptive  material  to  such  a  distance  as  to 

^1*  whin  one  part  or  another  of  the  areas  under  notice.     Hence 
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it  happened  that  the  Ballagan  Shales  came  to  be  interstratified 
with  tumds  of  tuff.  Rocks  formed  during  this  period  now  form 
the  lower  part  of  Hunter's  Bog,  and  much  of  the  rising  ground 
to  the  east  of  that  depression.  They  occur  also  along  the  High 
Street  and  the  Canongate  of  Edinburgh,  and  were  lately  passed 
through  in  the  Abbey  Hill  Bore,  No.  2,  cores  from  which  are 
exhibited  in  the  Edinburgh  Museum  of  Science  and  Art 

Concurrently  with  the  upgrowth  of  the  volcano  there  arose 
bot   springs,  and  perhaps  also  geysers.     From  these  were  de- 
posited beds  of  calcareous  and  siliceous  sinter,  which  were  spread 
out  in  thin  layers  in  the  vicinity  of  their  orifices.     During  the 
earthquakes  that  accompanied  the  growth  of  the  volcano  these 
beds  of   sinter  underwent    many    crumplings    and    occasional 
fractures,  after  each  of  which  events  quiet  deposition  went  on 
as   before.    Several  deposits  of  this  kind  occur  in  connection 
^^tb  the  old  Edinburgh  Volcano,  and  may  be  seen  at  various 
places  in  the  Queen's  Park. 

Then  came  a  succession  of  periods  of  more  violent  explosive 
^tription,  alternately  with  conditions  favourable  for  the  growth  of 
Is  of  sandstone.    This  rock  was  seen  at  the  Waverley  Station, 
below  the  Waterloo  Bridge,  and  was  also  passed  through  in 
borehole  No.  2  at  Abbey  Hill,  above  referred  to  (see  also 
MS.  Geo/.  Soc.f  Edin.,  1897,  p.      ).♦    These  were  followed  by 
tbe  outpouring  of  one  or  more  beds  of  basalt  lava,  while  the  area 
"waLft  still  submerged.      One  of  these  flowed  in  the  direction  of 
A^^bur's  Seat,  and  now  forms  the  Long  Row.    Another  may  be 
i^^I>i'e8ented  by  the  lowest  lava  seen  below  the  Calton  Gaol. 
T^ben  came  a  period  of  quiescence,  during  which  another  band  of 
Seyserite  was  formed.    This  is  seen  on  the  south  side  of  the 
Queen's  Park,  between  Windy  Gowl  and  the  Queen's  Drive.     A 
succession  of  explosive  eruptions  of  a  more  or  less  violent  char- 
acter next  took  place.    Then  came  a  basalt  lava  flow,  which  was 
Wearily  charged  with  HjO,  and  is  in  consequence  now  full  of 
^apour  cavities,  some  of  which  have  been  at  one  time  filled  with 
??^ygdules    of   calcite.     This    flowed    in   the  direction   of  the 
Queen's  Park  only,  as  it  is  not  represented  on  the  Calton  Hill. 

Submergence  still  continued,  and  perhaps  kept  pace  with  the 
p^Mh  of  the  volcano,  for  we  find  that  the  beds  overlying  the 
■^^ttientioned  lava  consist  of  stratified  tuff",  in  which  remains  of 
^^^odus  and  transported  fragments  of  Lepidodendron  occur.  In 
jpese  beds,  which  are,  as  a  rule,  fine-grained,  and  of  only  a  few 
^^  in  thickness,  there  occur  large  ejected  blocks,  one  of  which, 
v^^  just  below  St  Anthnoy's  Chapel,  may  really  be  a  volcanic 
^*^b,  which,  it  may  be  mentioned  here,  is  a  geological 
^^^^nomenon  of  by  no  means  common  occurrence,  notwith- 
^^ding  what  has  often  been  stated  to  the  contrary.  This  thin 
^d  of  tuff  is  succeeded  on  Arthur's  Seat  by  a  compact  basalt 

*  This  paper  is  not  yet  paged,  September  iztb,  1897. 
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lava,  very  columnar  in  structure,  showing  traces  of  fluxior 
structure  on  its  weathered  surface  and  weathering  a  bright  rust-rec 
colour.  This  is  No.  3  Lava.  No  lava  of  basaltic  compositior 
occurs  on  the  Calton  Hill  above  the  bed  at  the  base  of  the  series, 
the  higher  beds  there  being  exclusively  andesites.  From  this 
consideration,  and  others  of  a  similar  nature,  we  may  infer  thai 
the  present  outcrop  of  the  older  lavas  on  Arthur's  Seat  does  not 
coincide  with  the  original  longer  dimensions  of  the  lava  streams, 
but  rather  with  their  breadth,  those  on  the  Calton  Hill  repre 
senting  streams  from  other  vents. 

Another  bed  of  geyserite,  accompanied  by  a  thin  band  ol 
tuff,  succeeds  the  red  lava  (No.  3),  and  is  followed  by  a  remark- 
ably brecciated  lava  (No.  4).  Probably  the  portion  of  the  rock 
exposed,  which  is  best  seen  in  the  cliff-face  due  east  of  St 
Anthony's  Chapel,  may  be  near  the  original  termination  of  this 
lava  stream,  which,  as  is  well  known  in  the  case  of  recent  lavas,  ia 
often  both  scoriaceous  and  brecciated  in  much  the  same  mannei 
as  the  one  under  notice. 

Three  other  lava-fiows  poured  from  the  Edinburgh  Volcano 
in  the  direction  of  what  is  now  the  Queen's  Park.  Of  these  the 
older  two  were  basalts,  the  lower  of  which  even  yet  contains 
olivines  in  a  fresh  condition,  and  is  remarkable  for  its  bomboidal 
or  pillowy  structure.  The  higher  lava,  and  last  flow  of  this  set  to 
reach  Arthur's  Seat,  is  a  true  andesite,  similar  to  those  which  form 
the  mass  of  the  Calton  Hill  volcanic  rocks,  and  containing  large 
tabular  crystals  of  Labradorite.  This  is  the  rock  which  forms 
most  of  the  eastern  side  of  Arthur's  Seat,  and  which  both  caps 
and  forms  the  east  slope  of  Dunsappie. 

Contemporaneously  with  the  eruption  of  these  lavas  and  tuffs 
there  was  intruded  underground  three  sheets  or  sills  of  rock.  The 
lowest  of  these  is  a  porphyritic  basalt,  which  now  forms  the  rock 
of  St.  Leonard's  Crags  and  Heriot  Mount.  This  rock  occurs  in 
the  form  of  a  wedge,  with  its  base  towards  the  west  It  cuts 
across  the  strata  from  below  upwards,  as  it  is  traced  southward 
The  next  is  a  typical  dolerite,  whose  remains  form  a  scarped  edge, 
which  presents  a  bold  mural  precipice  facing  to  the  westward,  the 
well-known  feature  known  as  Salisbury  Crags.  Speaking  in  general 
terms,  this  rock  also  forms  a  wedge-shaped  mass,  thickest 
towards  the  west  It  hardens  the  strata  above  it,  but  in  the  main 
it  does  not  vary  much  from  one  geological  horizon.  Both  of  these 
may  possibly  represent  underground  intrusions  of  basic  eruptive 
matter,  which  are  possibly  contemporaneous  with  the  lavas  of  the 
same  composition  forming  the  main  mass  of  the  hill.  The  third 
intrusive  mass  is  of  a  similar  composition  to  that  of  the  highest 
lava  of  the  Queen's  Park,  and  the  bulk  of  the  lavas  of  the  Calton 
Hill,  and  is  essentially  an  andesite.  This  rock  forms  a  series  of 
apparently  discontinuous  wedges,  which  are  intruded  into  the 
Ballagan  Beds  on  the  east  side  of  Hunter's  Bog.     It  forms  the 
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trills  known  as  the  Dasses.    To  these  three  intrusive  masses  refer- 
^xice  will  have  again  to  be  made. 

The  changes  which  followed  the  outpouring  of  the  last-formed 
o^  the  lavas  on  Arthur's  Seat  are  not  difficult  to  describe.     The 
rly-finished  volcano  sank  more  rapidly  than  heretofore,  and  the 
for  a  time  gained  admittance.     At  the  bottom  of  this  was  laid 
^own  a  series  of  beds  of  marine  shale,  enclosing  fossils ;  and 
^ben  followed  either  a  rapid  silting  up  of  the  sea  bottom  or  else 
a-  slight  movement  in  an  upward  direction.     At  any  rate,  it  is 
<^lcar  that  the  next  strata  formed  (the  Granton  Sandstones  of  the 
General  Section)  were  estuarine  in  character,  and  were  formed 
throughout  in  shallow  water.     Then  follows  a  record  of  a  suc- 
^^cssfon  of  marine  conditions,  marking  the  periods  of  more  rapid 
subsidence,  and  of  estuarine  conditions  when  the  water  was  shal- 
fewer,  and  the  old  delta  of  the  river,  which  was  transporting  the 
'^terial  from  the  north-west,  effected  more  or  less  advance  sea- 
^^^,    It  is  important  to  remember  that  the  strata  from  the 
^1  lagan   Beds,  up  to  the  horizon  under  description,  are  un- 
doubtedly equivalent  in  time  to  the  Mountain  Limestone  of  the 
North  of  England. 

Kext,  in  this  area,  followed  the  conditions  which  gave  rise  to 
^^    formation  of  lagoons,  alternating  with  estuarine  conditions, 
O'^dcr  which  in  this   neighbourhood  the   Oil  Shale  Series  was 
^*"**ied.    This  series  is  contemporaneous  with  the  Scremerston 
^^>^ls  of  Northumberland.     It  was  also  the  chief  period  of  Lower 
^^■"boniferous  volcanic  agency  in  the  areas  adjoining  Edinburgh. 
Tti^n  came  the  period  during  which  a  very  general  subsidence 
^^><^li  place,  and  when  the  limestones  of  the  Yoredale  Series  were 
sf^^'^ad  out  continuously  over  so  large  an  area  of  North  Britain. 
"^^^  lowest  limestone  of  this,  the  Hurlet,  Main,  or  Gilmerton 
Limestone,  is  probably  contemporaneous  with  the  Middle  Lime- 
s^^^Tie  of  Plnllips's  typical  Yoredale  Sections,  with  the  Scar  Lime- 
stone of  Cumberland,  and  with  the  Lamberton  Limestone  of  the 
Berwickshire  coast.     It  is  as  well  to  remind  the  reader  that  the 
linncsione  referred  to  overlies  the  Oil  Shales,  and  their  contem- 
poraneous deposits  the  Scremerston  Coals  so  important  in  North- 
unaberland,  and  that  it  underlies  the  Edge  Coal  Series,  also  of 
~P^er  Carboniferous  age,  which  are  of  so  much  importance  in 
**  '^«  and  the  Lothians. 

P     following  the  marine  episode    during  which   the  Yoredale 

^ks  were  formed,  came  the  prolonged  period  of  estuarine — 

P^^ibly  even,  occasionally,  fresh-water — conditions,  under  which 

s^flR^  of  the  Upper  Carboniferous  rocks  were  formed.     It  will 

)*"^ce  here  to  state  that  the  older  volcanic  rocks  of  Arthur's  Seat 

^'^^    covered   up  by  several    thousand   feet   of    Carboniferous 

trat^  all   of  which   has,   of  course,   since   been   removed    by 

^^^Udation. 

t^hen  came  a  period  of  prolonged  disturbance,  during  which 
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the  first  formed  strata  were  much  folded  and  faulted.  This  wai 
followed  by  upheaval  and  denudation,  and  a  return  to  continenta 
conditions.  It  was  under  these  conditions  that  the  New  Rec 
Rocks  (Dyas,  Lower  New  Red,  or  Permian,  plus  the  Trias)  were 
formed.  Sir  Archibald  Geikie  described  many  years  ago  ar 
interesting  series  of  volcanic  rocks  which  were  formed  in  Ayr 
shire  during  this  period,  to  which  reference  will  again  be  made. 

We  must  now,  however,  return  to  study  some  of  the  evidence 
relating  to  the  later  formed  rocks  on  Arthur's  Seat.  The  main 
facts  may  be  set  before  the  reader  in  a  few  words.  It  h 
abundantly  clear  from  a  study  of  the  evidence  on  the  ground  thai 
there  are  eruptive  rocks  belonging  to  /ze/^  periods  on  Arthur*! 
Seat  The  rock  of  the  Dasses,  for  example,  and  the  rock  of  the 
Long  Row,  can  both  be  followed  southward  without  any  inter- 
ruption up  to  a  certain  point,  where  they  both  abruptly  terminate 
against  rocks  of  a  totally  different  kind,  which  are  easily  seen  tc 
be  those  of  which  Arthur's  Seat,  properly  so  called,  consists.  II 
we  go  to  the  south  side  of  the  hill,  and  commence  the  examina- 
tion at  the  west  end  of  Duddingstone  Loch,  we  find  there  alsc 
the  rock  of  the  Dasses  and  the  rock  of  the  Long  Row.  Both  ol 
these  can  easily  be  traced  northward  up  to  a  certain  distance, 
and  at  that  point  what  are  very  obviously  agglomerates  filling  an 
old  volcanic  neck  truncate  them  abruptly,  just  as  happens  on  the 
north  side  of  the  hill.  (It  seems,  even  to  the  writer,  that  fact£ 
of  much  the  same  nature  can  be  made  out  with  regard  to  botfa 
the  dolerite  of  Salisbury  Crags  and  the  basalt  of  Heriot  Mount] 
No  unprejudiced  geologist  could  well  have  any  doubt  about  the 
fact  that  he  has  before  him  in  this  case  evidence  of  two  sets  ol 
eruptions.  Of  the  age  of  the  one,  whose  products  have  already 
been  described,  there  can  be  no  doubt  whatever.  But  regarding 
the  age  of  the  other — that  which  broke  through  the  older  set  of 
lavas,  etc.,  and  filled  the  gap  so  formed  by  agglomerates  and  other 
such  material — there  has  been  considerable  difference  of  opinion. 
Some  have  thought  the  newer  rocks  might  be  of  Tertiary  age. 
Others  have  thought  that  the  whole  set  may  be  of  Lower  Car- 
boniferous age,  and  may  have  come  from  the  vent  now  represented 
by  Arthur's  Seat  Sir  Archibald  Geikie  has  maintained  for  many 
years  the  view  that  the  newer  vent  may  be  of  Permian  age — a 
view  which  finds  many  supporters  in  Scotland.  The  evidence 
bearing  upon  this  question  is  certainly  very  scanty,  and,  as  Sir 
Archibald  himself  states,  in  his  latest  work,  TA^  Ancient 
Volcanoes  of  Great  Britain^  cannot  be  settled  by  exclusive 
reference  to  the  facts  presented  by  the  hill  itself,  but  must  be 
studied  in  the  light  obtained  from  sources  elsewhere. 

Leaving  this  vexed  question,  we  may  now  pass  on  to  consider 
some  of  the  later  history  of  Arthur's  Seat. 

Soon  after  the  close  of  the  Carboniferous  Period,  the  newly- 
formed  rocks  were  thrown  into  a  great  and  complex  series  of 
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l^longated  domes  or  ellipsoids^  most  of  whose  larger  axes  range 
^o  a  general  north-easterly  direction,  and  whose  steepest  sides 
often  face  towards  the  east. 

The  axis  of  one  of  the  great  north-easterly  upfolds  coincided 

^tiithe  present  physical  axis  of  the  Pentlands,  which  hills  repre- 

^exitthe  harder  core  of  one  of  the  anticlinals  re-exposed  by  the 

denudation  of  the  softer  strata  which  once  folded  over  it.     The 

is  of  one  of  the  main  synclinals  ranges  parallel  to  this  latter, 

<i  has  helped  to  preserve  the  outlier  of  Upper  Carboniferous 

forming  the  Dalkeith  Coalfield  from  denudation.      But  so  far  as 

^^xrthur's  Seat  is  concerned,  we  need  only  to  have  regard  to  the 

fa.c2t  that  the  Pentland  axis  bends  to  the  north  as  it  ranges  near 

^^^inburgh,  and  then  gives  rise  to  a  minor  ellipsoidal  area  of  up- 

f<>lding,  which  traverses  the  site  of  Edinburgh  along  a  northerly 

lirfte  ranging,  in  a  general  way,  from  the  summits  of  the  Braid  and 

^^l^ckford  Hills  to  near  to  the  Castle  Rock,  and  thence  onward 

iwrm.   the  direction  of  Leith  Docks.     To  the  east  of  this  axis  the 

st:x-ata,  including  those  of  Arthur's  Seat  and  the  Calton  Hill,  were 

m.ade  to  dip  north- easterly  ;  while  in  the  opposite  direction  they 

iwr^jre  inclined  for  some  distance  in  a  north-westerly  direction. 

^^^xthur's  Seat  and  the  Calton  Hill,  it  has  to  be  remembered,  once 

Formed  part  of  the  east  flank  of  the  Edinburgh  Volcano,  of  which 

^l^^cy  must  be  regarded  as  a  segment  accidentally  preserved  from 

^Hc  denudation  which  has  removed  most  of  the  remainder,  and 

''were  alike  thrown,  so  to  speak,  on  their  side,  when  the  strata  of 

'^rhich  they  form  a  part  underwent  the  north-easterly  tilt  referred  to. 

Then,  some  time  after  this  folding  took  place,  and  while  the 

old  volcano  still  remained  intact  amidst  its  enveloping  strata,  a 

^^es  of  faults  originated.     These  took  a  prevailing  north-easterly 

direction.     One  very  powerful  one  runs  from  Craiglockhart,  along 

the  west  side  of  southern   Edinburgh,  to  a  point  between  the 

Castle  Rock  and  Princes  Street  Station,  and  from  there  along  the 

^€st  side  of  the  Calton  Hill  in  the  direction  of  Leith.     This  has 

thrown  down  a  large  section  of  the  Edinburgh  Volcano,  which  is 

*^^cordingly  beneath  the    surface  of  Princes  Street.     Another 

Powerful  fault,  with  a  downthrow  to  the  north,  ranges  between 

Holyrood  and  Arthur's  Seat   Its  effect,  combined  with  that  of  the 

^'Pi  has  been  to  shift  the  outcrop  of  the  Calton  Hill  section  of 

the  lava  a  mile  to  the  west,  and  to  bring  down  against  strata  three 

'^^ndred  or  more  feet  below  the  base  of  the  volcanic  series,  other 

^fine  strata  which,  on  the  Calton  Hill  and  in  both  the  Abbey 

"ill  bore-holes,  overlie  the  volcanic  rocks.   As  the  total  thickness 

^  these  volcanic  rocks  has  lately  (1897)  been  proved,  in  the 

Abbey  Hill  bore-hole  No.  2,  to  be  850  feet,*  the  throw  of  this 

tault  cannot  be  less  than  a  thousand  feet,  and  may  considerably 

^ceed  that  amount.  Another  segment  of  the  Edinburgh  Volcano, 

tV"  \}^  ^  Abbey  Hill  bore-hole  two  sets  of  volcanic  rocks  were  proved,  with  a  considerable 
^^HCkncM  of  sandstone  and  shales  (part  of  the  Ballagan  Beds)  between  them. 

August,  1897.]  10 
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consisting  of  basalts  of  a  different  type  from  those  on  Arthur^s 
.Seat,  is  left  at  Craiglockhart.  These  are  described  in  detail  in 
the  Ancient  Volcanoes  of  Great  Britain, 

There  is  some  reason  to  believe  that  the  present  surface  relief 
of  the  neighbourhood  of  Edinburgh  is  a  "  modified  descendant " 
of  that  which  the  surface  had  at  the  commencement  of  "Permian" 
times,  and  which  has  been  re-exposed  by  the  removal  of  these  and 
the  overlying  rocks  of  Neozoic  age.  The  characteristic  red-staining 
of  the  sandstones  which  happened  to  contain  but  little  carbon- 
aceous matter,  and  which  have  formerly  been  overlain  by  Red 
Rocks,  is  well  seen  at  many  places  around  Edinburgh,  and,  to  my 
mind,  puts  this  point  beyond  doubt. 

As  far  as  the  shaping  of  the  minor  details  of  the  surface  is 
concerned,  we  have  three  factors  to  bear  in  mind.  First,  the 
result  of  prolonged  exposure  of  rocks  of  very  diverse  powers  of 
resistance  to  atmospheric  waste,  factors  which  in  any  case  must 
have  operated  in  such  a  fashion  as  to  leave  Arthur's  Seat,  the 
Calton  Hill,  the  Castle  Rock,  and  the  Pentland  Hills  as  upstand- 
ing masses.  The  minor  work  of  sculpturing  must  have  been 
largely  ruled  by  the  variations  in  destructibility  of  what  we  may 
term  a  lower  grade ;  as,  for  example,  the  formation  of  terraces 
where  sills  of  hard  rock,  such  as  lava,  alternate  with  others  con- 
sisting of  tuff.  The  second  factor  is,  of  course,  that  of  the 
streams,  which  may  and  do  excavate  their  channels  without 
always  having  their  courses  affected  by  the  minor  differences 
referred  to. 

The  third  factor  is  that  arising  from  the  prolonged  glaciation, 
which  not  only  very  materially  modified  any  pre-existing  features 
it  may  have  met  with,  but  left  marks  peculiarly  its  own  upon  the 
rocks.  The  conjoined  effects  arising  from  these  may  oe  easily 
traced  upon  Arthur's  Seat,  and  it  is  not  difficult  to  point  out 
which  feature  is  due  to  the  one  cause  and  which  to  the  other. 
The  best  place  for  the  study  of  them  as  a  whole,  however,  is  at  the 
north  end  of  the  Pentlands,  between  AUermuir  and  Swanstoa 
At  this  locality  there  is  first  the  great  upstanding  mass  of  the 
Pentlands,  due  to  the  removal  of  the  outer  and  softer  coatings  of 
an  old  anticlinal,  whose  less  easily-wasted  core  has  in  consequence 
been  left  in  relief  as  an  area  of  uplands.  Next  are  easily  seen  the 
channels  eroded  on  the  slopes  of  this  old  core  by  the  streams 
whose  courses  had  been  well  established  in  the  strata  that  have 
since  wasted  away.  Following  these  features  in  the  order  of 
magnitude  are  the  escarpments  and  dip  slopes  arising  from  the 
inter-bedding  of  the  lavas  and  tuffs,  to  which  features  Sir  Archibald 
Geikie  has  so  often  made  reference.  Of  lesser  magnitude  still  is 
a  series  of  deep  grooves  and  ruts,  which  have  been  ploughed  out  of 
the  edges  of  the  escarpments  by  the  passage  over  them  of  thick 
masses  of  land  ice.  Some  of  these  grooves  are  of  considerable 
magnitude ;  indeed  on  the  Braid  Hills,  they  would  generally  be 
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^sii^n  for  river  valleys  but  for  their  obvious  parallelism,  and  for 
the  fact  that  they  tend  to  run  into  chains  of  rock  basins.     Lastly, 
*nd  of  least  importance,  are  the  roughenings  of  the  once  smooth 
snd    rounded  crags,  and  the  consequent  formation  of  screes. 
Anyone  whose  eye  has  fully  taken  in  the  special  characteristics  of 
these  several  features,  which  are  so  well  exhibited  on  the  Pentland 
Hills,  will  have  no  difficulty  in  referring  each  grade  of  the  surface- 
features  on  Arthur's  Seat  to  the  agency  to  which  it  was  actually 
due.     The  beautiful  corrie  at  the  head  of  Dry  Dam,  and  the 
numerous  small  rock  basins  which  have  been  carved  out  of  the 
^vas  of  Whinny  Hill  (Samson's  Grave,  for  example),  will  be  at 
once  recognised  by  the  trained  eye  as  the  work  of  ice.    As  for 
the   fine  examples  of  ror^s    tnoutonnees   and    other  glaciated 
surfaces,  they  will  tell  their  own  story,  save  only  to  those  who 
obstinately    turn    a    deaf  ear    to    any    such  appeals  to  their 


Several  minerals  of  interest  occur  in  the  hill.  Not  counting  the 
-forming  minerals  we  have :  Quartz,  and  its  amethystine 
"Modification,  Chalcedony,  Jasper,  Agate,  Chert  in  the  geyserites, 
^^Jious  forms  of  Calcite  and  of  Pearlspar,  Analcime,  Prehnite, 
^atrolite,  Celedonite,  Glauconite,  Haematite,  Limonite,  Goethite, 
"^rytes,  some  Hydrocarbons  (probably  due  to  chemical  changes 
^®2cting  metallic  carbides  occurring  in  the  neck,  as  I  venture  to 
?"inkthe  DiAMONDalsois),togetherwithsomefewminerals  of  minor 
i^txiportance.  Very  fresh  olivines  occur  in  the  older  volcanic  set, 
Well,  of  course,  in  the  newer  beds,  such  as  that  of  the  well- 
own  Lion's  Haunch. 


IV. — Burntisland,  Kingorn,  and  Kirkcaldy. 

The  rocks  exposed  along  this  part  of  the  Firth  of  Forth  con- 
tinue the  history  of  the  liwer  Carboniferous  rocks  from  the 
^^ol<^cal  horizon  described  in  the  section  dealing  with  Arthur's 
^^^t,  and  carry  it  on  through  the  period  represented  by  the 
^oredale  Rocks,  properly  so  called,  well  into  the  lower  part  of 
t*^e  Upper  Carboniferous. 

As  ahready  mentioned,  the  Carboniferous  rocks  of  the  lower 

P**t  of  the  Basin  of  the  Forth  were  affected  by  powerful  earth- 

^^ovements  at  some  period  between  the  close  of  Carboniferous 

^J^es  and  the  commencement  of  the  period  represented  by  the 

^^w  Red.    Extensive    denudation    accompanied  and  followed 

^^se  disturbances,  so  that  the  New  Red  and  the  succeeding 

J***"assic  rocks  were  spread  out  upon  an  uneven  floor,  shaped  out 

^^  a  vast  thickness  of  the  older  strata.     One  ellipsoidal  area  of 

Upheaval  has  already  been  mentioned  as  ranging  in  at  first  a 

^^^h-easterly  direction  through   the   Pentland,   the  Braid,   and 

Blackford  Hills ;  thence,  in  its  trend  northward,  it  passes  through 
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Edinburgh  and  crosses  the  Forth,  assuming,  as  it  does  so,  first  a 
north-westerly  direction,  and  then  bending  round  again  to  the 
north  east,  especially  where  the  axis  of  the  fold  extends  inland 
from  Burntisland.  Northward  of  this  last  town  the  fold  gradu^ 
ally  dies  away.  A  synclinal,  with  a  trend  parallel  to  this,  brings 
in,  and  has  preserved  from  denudation,  the  Dalkeith  Coalfield. 
This  same  down-fold  crosses  the  Foith  to  the  east  of  Inchkeith, 
and  reaches  the  Fife  coast  to  the  east  of  Kirkcaldy,  beyond  which 
town  this  disturbance  also  gradually  dies  away. 

At  Burntisland  (or  a  point  a  little  to  the  west),  therefore,  we 
meet  with  the  lowest  strata  exposed  in  this  part  of  Fife ;  and  from 
the  axis  passing  through  the  part  referred  to  the  rocks  are  in- 
clined with  a  fairly  steady  dip,  amounting  generally  to  about  from 
ten  degrees  to  twenty  towards  the  east.  In  consequence  of  this 
high  inclination  of  the  strata,  a  thickness  of  Carboniferous  rocks, 
amounting  to  several  thousand  feet,  is  brought  down  to  the  sea 
level  within  a  zone  a  few  miles  in  width.  It  happens  in  this  area 
that  the  rocks  are  well-exposed  in  one  part  or  another  over  nearly 
the  whole  of  the  coast,  as  well  as  in  many  fine  sections  inland. 
For  this  reason  (and  others  to  be  presently  mentioned)  this  part 
of  the  Fife  coast  has  long  been  regarded  as  presenting  one  of  the 
most  important  and  instructive  sections  of  the  Carboniferous 
rocks  to  be  seen  anywhere  in  the  British  Isles. 

The  oldest  rocks  seen  here  represent  the  upper  part  of  the 
great  series  of  estuarine  deposits  referred  to  previously  under  the 
name  of  the  Granton  and  Hailes  Sandstone  Group.  These  most 
likely  correspond  in  age  with  the  Fell  Sandstones  of  Northumber- 
land, and  they  are  certainly  of  the  same  age  as  the  Roman  Fell 
Beds  of  Westmoreland,  and  are  also  coeval  with  the  lower  part  of 
the  Mountain  Limestone  of  North-west  Yorkshire.  At  the  time 
these  strata  were  in  process  of  formation  the  Edinburgh  Volcano 
had  already  ceased  to  erupt,  and,  as  subsidence  proceeded, 
was  buried  beneath  a  pile  of  newer  strata  of  Lower  Carboniferous 
age.  The  sea  deepened  towards  the  south-east,  while  in  the 
opposite  direction,  at  a  distance  as  yet  unknown,  lay  the  old  land. 
Oscillations  of  level  were  taking  place,  occasionally  sufficient  in 
downward  extent  to  admit  the  sea ;  but  more  usually  the  rate  of 
subsidence  did  not  quite  keep  pace  with  that  of  deposition,  so 
that  changes  of  current  frequently  took  place,  and  during  the 
growth  and  advance  of  the  delta  large  areas  were  frequently  con- 
verted either  into  lagoons  or  else  were  for  a  time  laid  dry. 

In  consequence  a  considerable  variety  of  petrographical  charac- 
ters may  be  observed  in  these  rocks.  Amongst  these  are  some 
curious  bands  of  strata  contemporaneously  brecciated,  which  re- 
mind one  of  the  "  Broken  Beds  "  of  the  Portland  Oolite.  The  two 
other  features  of  special  interest  are  the  Calcareous  bands  which 
represent  the  Burdiehouse  Limestone  and  the  Oil  Shales.  Of  this 
latter  type  of  rock  one  band  has  been  worked  for  commercial  pur- 
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poses  close  to  the  Binn  of  Burntisland.  Oil  Shale  consists  essentially 
ofsbale  which  is  more  or  less  saturated  with  bituminoid  mattet 
capable  under  distillation  of  yielding  paraffine  and  other  hydro- 
carbons. The  rock  may  be  known  by  its  somewhat  leathery 
aspect,  by  its  slight  flexibility,  and  by  its  giving  a  more  or  less 
shiny  streak  when  it  is  cut.  This  kind  of  rock  has  probably 
originated  through  the  partial  dissolution  of  the  compound  form- 
ing the  vascular  tissues  of  plants,  which,  while  undergoing 
maceration  in  a  lagoon,  have  been  acted  upon  by  water  containing 
sulphate  of  lime  in  solution.*  The  Burdiehouse  Limestone  con- 
sists essentially  of  carbonate  of  lime  both  mingled  and  inter- 
stratified  with  fine  laminse  of  the  same  material  which  forms  the 
OilSyes. 

Soon  after  the  Burdiehouse  Limestone  was  formed,  and 
evidently  while  the  land  was  slowly  subsiding,  a  volcano  broke 
out  on  the  site  which  is  now  occupied  by  the  Binn  of  Burntisland. 
It  may  be  remarked  here  that  it  must  not  be  supposed  from  this 
that  the  Binn,  which  bears  no  small  resemblance  to  an  actual 
volcano,  in  any  way  represents  the  volcano  itself.  This  hill  may 
be  said  to  bear  the  same  relation  to  the  volcano  in  question  that 
the  bole  of  a  tree  does  to  its  branches.  It  is  merely  a  neck, 
exposed  by  the  denudation  of  the  overlying  strata  and  left  in 
'elief  because  it  consists  of  material  of  a  more  durable  nature  than 
that  of  the  strata  surrounding  it.  It  was  certainly  from  this  and 
some  snaaller  vents  around,  some  of  which  are  well  seen  nearer 
Kingom,  that  a  pile  of  lavas  and  tuffs  of  basic  composition,  and 
^  a  collective  thickness  amounting  to  nearly  as  much  as  two 
thousand  feet,  was  emitted. 

The  general  nature  of  the  eruptive  material  is  exhibited  in  a 
jemarkably  fine  manner  along  the  coast  extending  from  Burnt- 
•sbnd,  past  Pettycur  Point  and  Kingorn,  to  about  half  way  from 
tfais  latter  place  to  Kirkcaldy. 

A  detailed  account  of  this  coast  section  will  be  found  in  Sir 
Archibald  Geikie's  Ancient  Volcanoes  of  Great  Britain^  vol.  i, 
P*  440,  and  again  at  p.  470.  In  the  present  outline  it  will  suffice 
to  state  that  the  coast  section  in  question  presents  us  with  a 
'wjarkably  fine  and  admirably-exposed  series  of  basic  lavas  with 
tl^eir  tuffs,  alternating  in  their  lower  and  earlier  formed  part  with 
^oonformed  strata  of  the  age  of  the  Oil  Shales ;  and  in  their 
^her  and  later-formed  portion,  with  sandstones,  shales,  and  coal 
*^s,  of  estuarine  and  marine  origin,  and  with  bands  of  pure 
P9  marine  limestone  belonging  to  the  horizon  of  the  lower  part 
^  the  Yoredale  Rocks.  Thus  a  band  of  encrinital  limestone 
^utaining  Productus  giganteus  (a  fossil  which  is  confined  to  the 
Mnes  near  the  base  of  the  Yoredale  Rocks)  may  be  seen  in 
^^sociation  with  the  basalt  lavas  and  tuffs  which  emanated  from 
the  old  volcano  of  the  Binn. 

•  See  Trmtu,  Gt0l,  Sac,  Edin.,  1897,  "  Origb  of  OU  Shales." 
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The  finest  continuous  exposure  of  the  lavas  is  to  be  seen  oc 
the  face  of  King  Alexander's  Crag  near  Pettycur. 

Amongst  the  fossiliferous  beds  occurring  interstratified  witl 
the  lavas  and  tuffs,  and  beneath  the  first  grey  limestone  on  th< 
shore  east  of  Kingorn,  there  is  one  stratum  known  as  the  Abder 
Bone  Bed,  beds  associated  with  which  have  yielded  us  the  follow 
ing  specimens  of  invertebrata  : 

Naticopsis  variata,  BelUrophon  decussatus^  Sanguinoliic 
abdenensis^  Edmondia  unioni/ormis^  Soienomya  primcsva^  Myaiinc 
gregaria^  Myalina  mytiloides^  Avicuiofecten  omaius^  Pteronitti. 
persulcatus  ;  Streptorhynchus  crenistria,  Productus  semireticulatus 
jP.  mesolobus ;  Rhabdomeson  rhombi/erum^  Synoclodia  biserialis. 

For  the  list  of  Fish  represented  in  the  Abden  Bone  Bed  set 
Dr.  Traquair's  Note  appended  to  this. 

From  a  higher  bed  of  shale,  immediately  underlying  th< 
second  grey  limestone  on  the  shore  north-east  of  Kingorn,  th< 
equivalent  of  the  Hurlet  Limestone  (Yoredale),  my  students 
working  with  me  have  at  one  time  or  another  found  also  the  fol 
lowing  species : 

Ortiwceras  cylindraceum^  BelUrophon  deoissatus^  Euomphalu, 
carbonarius^  PUurotomaria  yvanii^  Ixxonetna  rugiferutn^  Naticopsi 
van'afa,  Macrocheilus  acutus  :  Nucula  tumida^  N,  aitenuata 
Leptodomus  sp.  Schizodus  like  salteri ;  Productus  semirtticulatui 
Spirt/era  irigonaiis^  Rhynchonella  pleurodon,  Athyris  ambigua 
Orihis  michelini^  Streptorhynchus  crenistria^  Lingula  squamiformu 
L,  tnytiloides^  Discina  nitida ;  Rhabdomeson  rhombiferum^  Sync 
cladia  biserialis ;  JJthostrotion  junceum,  Zaphrentis  sp.,  Choetttt 
tumidus^  Archceocidaris  urei\  Poteriocrinus  crassus,  etc. 

Amongst  the  intrusive  rocks  formed  probably  in  connectioi 
with  this  volcano  are  several  sheets  of  dolerite,  well  seen  aroun( 
Burntisland  and  near  Kirkcaldy.  One  excellent  example  c 
Picrite  is  seen  at  Colinswell,  where  the  existence  of  this  lithologics 
type  of  eruptive  rock  does  not  appear  to  have  been  recognisei 
until  the  writer  called  official  attention  to  its  occurrence  then 
It  is  remarkable  (like  the  Picrite  at  Barn  ton)  for  its  pseudc 
bedded  structure,  which  in  both  cases  is  probably  due  parti 
to  mineral  separation  and  partly  to  movement  during  cor 
solidation ;  and  is  likewise  noteworthy,  as  in  the  case  ju! 
described,  for  its  fine  exemplification  of  the  '*  chilled  edge 
it  shows  against  the  rock  into  which  it  is  intruded,  as  we 
as  for  the  discharge  of  colour  which  has  ensued  in  all  case 
where  a  basic  eruptive  rock  has  been  intruded  into  strata  cor 
taining  much  carbonaceous  matter.  The  Iserine  found  in  th 
normal  rock  has  given  place  near  the  contact  to  other  forms  c 
iron,  which,  through  the  action  of  the  carbonaceous  reducin 
agent,  have  passed  from  the  form  of  a  dense  dark  colouring  ore  c 
iron  to  one  which  possesses  little  or  no  colouring  power,  anc 
therefore,  leaves  the  strata  in  the  condition  of  "  white  trap." 
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A  very  fine  and  instructive  example  of  the  same  nature  is  to 
be  seen  at  Dodhead  Quarry,  east  of  the  Binn,  where  a  basic 
iotnide»  which  cuts  across  the  stratification  of  some  carbonaceous 
rock,  has  had  its  iron  reduced  while  the  rock  was  in  a  molten 
state,  and  has  consequently  assumed  an  appearance  so  much  like 
that  of  sandstone  that,  in  the  old  days  of  the  rival  Neptunists 
and  Plutonists,  it  used  to  be  cited  as  an  example  of  a  rock  of 
sedimentary  origin  which  was  actually  intruded  as  such  into  its 
present  position. 

Amongst  the  minerals  occuring  in  this  part  may  be  mentioned 
Aoalcime,  of  which  good  crystals  may  sometimes  be  obtained 
close  to  the  Abden  Shipyard  at  Kingom,  Natrolite,  Saponite, 
Celedonite,  Amethystine  Quartz,  Pearlspar,  Goethite,  and  a  few 
others.  Hydrocarbons  occur  in  connection  with  several  of  the 
neck  rocks, 

V. — The  Braid  and  Blackford  Hills. 

No  outline  of  the  geological  history  of  Edinburgh  would  be 

c^tnplete  that  did  not  include  some  reference  to  the  modifications 

of    the  surface  features  connected  with  the  later  changes  of 

climate  and  elevation.     In  some  respects  the  best  general  idea  of 

^^se  features  can  be  obtained  by  visiting  the  Braid  and  Black- 

for^  Hills,  whence  also  may  be  had  the  finest  of  the  many  fine 

^^ws  of  the  "  grey  metropolis  of  the  north."    These  hills  form 

^^^  northward  termination  of  the  Pentlands.     In  internal  structure 

tliey  consist  of  eruptive  rocks  of  Lower  Old  Red  Sandstone  age. 

^Heir  physical  structure  has  already  been  referred  to  incidentally 

'^  a^rising  from  their  having  been  the  core  of  an  anticline  affecting 

Ca.rboniferous  rocks,  from  which  core  those  Carboniferous  rocks, 

nio»e  easily  wasted  than  the  underlying  core,  have  been  removed 

!^  denudation,  leaving  the  upridged  portion  c^f  their  original  floor 

^  the  shape  of  a  semi-ellipsoidal  mass.     Concurrently  with  the 

'^^^oval  of  the  Carboniferous  rocks  (some  1 2,000  feet  in  thickness) 

froiM  the  summit  of  the  dome,  the  Braid  Bum  (or  its  ancestral 

stream)  has  gradually  worked  down  to  its  present  level,*  thereby 

s^'V'cring  the  dome  into  two  massifs  of  smaller  size — the  Blackford 

H^ni  and  the  Braids. 

The  northern  massif  (the  Blackford  Hill)  Consists  of  a  pile  of 

andesite  lavas,  with  thin  partings  of  tuff,  which  are  inclined  at 

A>out  fifteen  degrees  towards  the  north-east.     The  lavas  naturally 

^^nd  to  form  escarpments  which  face  in  the  opposite  direction. 

This  feature  can  be  well  seen  at  the  west  end  of  Blackford  Hill 

•  Tbe  Braid  Bum  presents  one  of  the  mast  instructive  instances  known  (not  even  excepting 

*M*riTers  draining  northward  from  the  Weald)  of  a  small  stream  of  feeble  eroding  power, 

PJ*fcning  to  cut  its  wav  across  what  must  ai  one  time  have  been  a  continuous  ridge  of  very 

^"^  rock,  inst«ui  of  taking  what  Is  now  the  easier  course  seaward,  and  flowing  past  Colinton 

^2*  '"***  '^*  Water  of  Leith.     At  the  point  mentioned  the  watershed  between  the  former 

**™<f  the  two  streaou  is  now  no|  inore  than  about  ten  feet  in  beighu 
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where  seen  from  Morningside  Road  Station,  and,  in  a  less  striking 
manner,  where  the  Blackford  Hill  is  viewed  from  the  south,  as 
from  the  Braids.  From  both  points  of  view  the  trend  of  these 
escarpments  forms  a  considerable  angle  with  the  course  of  the 
Braid  Burn. 

The  Braid  Bum  had  excavated  this  channel  into  something 
like  its  present  form  prior  to  the  Glacial  Period,  as  is  proved  by 
the  occurrence  of  glacial  striae  at  the  bottom  of  the  valley,  and 
also  by  the  occurrence,  within  the  valley,  of  a  thick  mass  of 
glacial  drift  containing  far-travelled  boulders.  Near  the  climax  of 
the  Glacial  Period  the  great  ice-sheet  slowly  moved  over  this  part 
in  a  general  east-north-easterly  direction  (/.^.,  nearly  parallel  to  the 
course  of  the  Braid  Burn,  and  in  a  direction  forming  a  consider- 
able angle  with  the  outcrop  of  the  lavas),  and  continued  to  move 
in  that  direction  for  a  period  of  considerable  length,  if  one  may 
judge  by  the  magnitude  of  the  resulting  effects.  It  is  certain  that 
the  erosion  accomplished  by  the  prolonged  movement  of  a  sheet 
of  ice  which  (seeing  that  it  has  glaciated  the  very  highest  ridges 
of  the  Pentlands)  could  not  have  been  less,  and  may  well  have 
been  much  more,  than  two  thousand  feet  in  thickness,  and  whose 
lower  portions  were  densely  charged  with  stones,  grit,  and  mud, 
very  considerably  modified  the  surface-configuration  which  re- 
sulted from  subaerial  erosion  in  pre-glacial  times. 

Subaerial  erosion  would  almost  certainly  give  rise  to  nearly- 
continuous  escarpments,  in  the  cases  like  the  present,  where  lava 
streams  were  based  upon  the  more-easily  wasted  tuffs ;  and  the 
cross  section  of  each  escarpment  formed  under  such  subaerial 
conditions  would  be  rounded  at  its  upper  part  into  the  form  of  an 
hyperbola.  Glacial  erosion  considerably  modified  all  that 
Instead  of  continuous  escarpments,  those  formed  by  the  lava 
streams  at  the  Blackford  Hill  are  traversed  by  wide  and  deep 
furrows  of  a  size  sufficiently  great  to  be  almost  entitled  to  be 
termed  valleys.  Instead  of  escarpments  whose  cross  section 
formed  a  double  curve,  convex  at  the  top  edge  of  the  lava,  glacial 
erosion  actually  undercut  the  crags  in  many  cases,  leaving  even- 
tually a  feature  quite  unlike  any  that  could  possibly  arise  from 
any  form  of  erosion  by  subaerial  causes. 

If  we  commence  the  study  of  the  Blackford  Hill  by  viewing  it 
first  from  the  Braids  this  combination  of  features  soon  begins  to 
impress  us,  and  the  longer  the  features  are  studied  the  more 
apparent  does  it  become  that  we  are  regarding  the  work  of  ice 
superimposed  upon  features  of  subaerial  origin.  If,  now,  we 
change  our  point  of  view  and  take  our  stand  upon  the  Blackford 
Hill  and  thence  study  the  Braids  in  the  same  manner,  features  of 
the  same  kind,  but  on  even  a  more  striking  scale,  begin  at  once 
to  attract  our  attention.  The  features  referred  to  consist  of  a 
series  of  great  eastand-west  grooves  of  considerable  magnitude, 
large  enough  in  some  cases  to  be  entitled  to  be  termed  valleys. 
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"X^fcese  grooves  have  attracted  considerable  attentioD  from  geologists 

since  the  earh'er  part  of  the  present  century.     Sir  James  Hall,* 

~     ay  Cunningham,    Robt    Chambers,    Charles    Madaren,    Dr. 

uckland.  Sir  Roderick  Murchison,  Louis  Agassiz,  and  ochers, 

ve  all  noticed  them,  and  have  speculated  much  upon  their 

origin.     If  such  features  were  confined  to  this  neighbourhood, 

st^nd  to  these  particular  rocks,  we  might  get  over  the  difficulty 

^iDOQt  their  origin  by  attempting  to  explain  it  as  being  in  some 

^way  connected  with  the  nature  of  the  rock  out  of  which  they  are 

<iauTed,  as,  in  fact,  Murchison  actually  did  da     But  a  glance  at 

'Klie  adjacent  Craiglockhart  Hills,  whidh  are  totally  difierent  both 

isi  structure  and  in  age,  shows  us  that  similar  features  exist  also 

'^liere.    Moreover,  the  whole  north-west  fsure  of  the  Pentlands  is 

Kvooved  and  furrowed  in  much  the  same  way.     So,  too,  is  the 

dclerite   mass  of  Stirlii^  Castle  ;  so  also  is   Binney  Crag  in 

l^inlithgow.     Again  we  meet  with  the  same  features  on  Arthur's 

Scat,  and  on  the  Calton  HilL     Many  years  ago  Sir  Archibald 

^^"kie  pointed  out  surfiure  features  of  the  same  kind  on  the 

^^farleton   Hills  in    Haddingtonshire,  and    called   attention    to 

similar  grooves  traversing  the  maritime  parts  of  Berwickshire  and 

£^ast  L(Hhian. 

Sir  Archibald  appears  to  have  been  the  first  to  speculate 
whether  ice  may  not  have  been  the  agent  to  which  the  Berwick- 
shire grooves  are  due  It  is  absolutely  impossible  to  explain 
^^em  in  any  other  way  than  by  the  eroding  agency  of  a  thick 
'^^^^ss  of  ice  charged  with  detritus  and  slowly  grinding  its  way 
^^^er  the  rock  sur^ure  throughout  a  period  of  considerable  length* 
^^  ^vill  be  seen  in  every  case  that  the  directions  of  the  longer  axes 
^^  these  great  furrows  coincide  more  or  less  closely  with  the 
ix'ections  of  movement  of  the  ice  in  the  same  district,  as  shown 
the  trend  of  the  glacial  strias.  Cumulative  evidence  of  this 
especially  when  further  strengthened  by  a  considerable  body 
f  collateral  evidence,  caimot  fail  to  lead  any  unprejudiced 
K^ologist  to  the  conclusion  that  the  furrows  in  question  are,  like 
smaller  grooves  which  accompany  them,  simply  the  work  of 
I  have  gone  further  even  that  this,  and  have  ascribed  the 
t  grooves  which  flank  the  ridge  upon  which  stand  the  High 
^t^-cet,  the  Lawn  Market,  and  the  Castle  Hill,  of  Edinburgh,  as 
lures  which  are  due  also  to  glacial  action  and  to  little  or 
otlungelset 

If  now  we  return  to  the  Braid  Hills  and  examine  the  grooves 

the  ground,  we  shall  be  at  once  struck  by  the  fact  that  here, 

iQ  so  many  other  cases  (Samson's  Grave,  on  Arthur's  Seat,  for 

^^^aniple),  tbeie  grooves  do  not  present  a  uniform  seaward  gradient 

^^ng  their  "  thalw^s,"  but,  on  the  contrary,  they  locally  descend 

^^^^<^derably  below,  and  beyond  that  rise  above  that  general 

i's  Addms  U  tke  Ct^Ugkml  S^cietj  0/  Lcmdmi^  1343,  pages  57,  58. 
"'        '  '  Fanows."  ClmcimlitU'  Mmgmsuu,  1895. 
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gradient.  In  other  words,  these  grooves  consist  here,  as  in  so 
many  other  localities,  of  chains  of  rock-basins  connected  by  inter- 
vening depressions.  How  such  features  are  to  be  explained  by 
any  other  than  by  glacial  action,  I  leave  to  others  to  answer  who 
have  wider  field-experience  than  I  have.  There  can  be  no 
question  about  ice  having  been  in  them,  for  good  glacial  strise 
exist  in  them  at  several  places  on  the  Braid. 

Connected  with  this  part  of  the  subject  is  the  remarkably-fine 
glaciated  surface  exposed  close  to  the  Braid  Bum,  on  the  south 
side  of  Blackford  Hill,  between  the  two  great  quarries  there,  and 
right  and  left  of  the  quarrymen's  tool-house.  This  is  the  glaciated 
surface  which,  when  visited  by  Agassiz  on  the  20th  of  October, 
1840,*  in  company  with  Charles  Maclaren,  was  at  once  recognised 
by  Agassiz  as  being  the  work  of  land-ice.  The  foundations  of  our 
modern  beliefs  in  such  matters  were  therefore  laid,  so  to  speak,  at 
this  very  spot. 

A  study  of  this  remarkably-glaciated  surface  will  do  much  to 
convince  almost  anyone  that  it  is,  and  can  be  nothing  else  than, 
the  work  of  land-ice.  The  rock-surface  is  considerably  undercut, 
and,  indeed,  at  one  point  the  aspect  of  the  glaciated  surface  is 
actually  directed  towards  the  centre  of  the  earth  ;  moreover,  the 
striae  go  in  and  out  of  all  the  minor  depressions,  and  are  not 
merely  confined  to  the  projecting  parts  of  the  surface. 

Evidently  what  has  happened  has  been  that  land-ice,  originat- 
ing in  the  Dumbarton,  Perth,  and  Argyllshire  mountains,  has 
slowly  worked  its  way  up  the  Clyde  Basin,  over  the  water-shed 
into  the  Basin  of  the  Forth,  and  then  flowed  across  the  Pentlands 
and  along  the  Braid  Burn  for  a  considerable  length  of  time.  As 
the  ice  moved  it  eroded  its  channel  more  readily  where  it  encoun- 
tered a  softer  bed,  such  as  a  bed  of  tuff,  and  hence,  in  the  long  run, 
it  undercut  the  escarpments  of  lava  shaped  by  preglacial  weathering. 
Then,  when  climatal  conditions  ameliorated,  through  the  admission 
of  the  warm  surface  currents  of  the  Atlantic  into  the  North  Sea 
area,  in  consequence  of  subsidence,  the  precipitation  on  the  east 
of  Scotland  took  the  form  of  rain  instead  of  snow.  Under  these 
climatal  conditions  the  glaciers  no  longer  grew,  but  began  to  melt 
away  on  the  spot  without  making  any  further  advance ;  and  the 
stones  and  mud  included  within  the  ice  were  melted  out  as  a 
kind  of  sediment,  thereby  giving  rise  to  the  various  forms  of 
glacial  drifts.f  This  englacial  drift  filled  the  lower  hundred  feet 
or  so  of  the  valley  of  the  Braid  Burn,  and  its  remains  may  be  seen 
even  yet  on  the  south  bank  of  the  stream  opposite  the  glaciated 
surface.  Then  the  Braid  Burn  re-established  its  former  course, 
and  began  cutting  down  through  the  boulder  clay  nearly  to  its 

*  Dr  Buckland  soon  afterwaniR  described  this  Blackford  Hill  section  in  the  same  oofl* 
nection  in  a  communication  to  the  Geological  Society  of  London. 

♦  See   J.    O.  Goodchild    "  On    Drift,"   Geo/.    Mag.^    1874,   where   the  theory  of  tber 
engiacied  origin  of  Drift  Deposits  was  first  published. 
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old  diannel,  keeping  close  to  the  north  side  of  the  valley  in  doing 
so,  and  thereby  re-exposing  the  glaciated  surface  as  the  protecting 
caver  of  clay  was  removed.    Traces  of  small  alluvial  deposits  left 
by  the  Braid  Bum,  when  flowing  at  higher  levels,  remain  on  the 
fece  of  the  rock  even  yet,  and  are  among  the  many  interesting 
^ings  to  be  seen  there.     Since  the  close  of  the  Glacial  Period 
the  weather  has  renewed  its  attacks  upon  the  rock  surfaces,  and 
is   slowly,  hut  surely,  restoring  them  to  something  of  the  same 
aspect  that  they  presented  before  the  advent  of  glacial  conditions. 
A  word  must  be  added  here,  in  conclusion,  regarding   the 
MINERALS  to  be  obtained  at  the  Blackford  Hill  Quarry.     The 
decomposition  of  the  andesite  lavas  where  these  are  vesicular 
(^hich  is  not  the  case  here)  gives  rise  to  complex  products  of 
secondary  origin,  such  as  celedonite,  agates,  natrolite,  and  other 
"Minerals.      Here,   however,  these  decomposition  products    are 
ponied  downward  in  solution  through  the  body  of  the  rock,  only 
"^^o  joints  and  other  divisional  planes,  along  which  they  are  sub- 
sequently re-deposited  rather  in  the  form  of  veins  and  strings  than 
Y^  the  form  of  agates.    Amongst  these  minerals  so  deposited  may 
be  mentioned  fine  examples  of  Quartz,  including  the  amethystine 
form,  Jasper,  Camelian,   Chalcedony,   Purple  Chert,   Pimelite ; 
fine  dendrites  of  Manganese,  Gcethite  (rubinglimmer),  Pearlspar, 
Calcites    of   interesting    crystalline   forms,   and    various    other 
niinerals. 

The  gradual  transition  from  the  almost  resinous  form  of  the 
UQdecomposed  andesite  lavas  (showing  well-marked  fluxion- 
structure)  into  the  crumbling  mass  of  rusty  clay,  which  results 
from  the  decomposition  of  these  lavas,  is  one  of  the  most 
instructive  features  to  be  studied  in  the  Blackford  Hill 
Quarry. 


UST  OF  THE  FOSSIL  FISH -REMAINS   OCCURRING 
^^    THE  BONE  BED  AT  ABDEN,  NEAR  KINGHORN, 

FIFESHIRE. 

By  R.  H.  TRAQUAIR,  M.D.,  LL.D.,  F.R.S.,  F.G.S. 
{Read  Jufy  2nd,  iSfyj.] 

Q^'^^N  years  ago,  when  Mr.  William  Anderson,  now  of  the 
^  rKical  Survey  of  India,  submitted  to  me  a  collection  of  fish- 
^I^.^^Hs  from  the  Abden  Bone  Bed,  I  furnished  him  with  a  list 
jjg  ^'^  he  inserted  in  a  paper  on  the  bed  in  question,  which 
^j^  *'^ad  before  the  Geological  Society  of  Edinburgh.*  Mr. 
J^lP^^son*s  paper  was  also  accompanied  by  a  short  note  by  my- 
^pon  the  bearing  of  the  Abden  fossils  on  the  question  of  the 

Ct^i   ^otes  on  the  Fish  Remains  from  the  Bone  Bed  at  Abden,  near  Kinghom.    Proc, 

A*  '^•e.,  EdM.,  vol.  V,  1886,  pp.  3x0-314. 
^GUST,  1897.] 
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occurrence  of  marine  and  estuarine  fish-remains  in  the  Lower 
Carboniferous  rocks  of  Scotland.* 

As  our  knowledge  of  Carboniferous  fishes  has  very  consider- 
ably increased  since  the  year  1886,  the  list  in  question  certainly 
requires  revision ;  the  principal  alteration  being  due  to  my  having 
been  able  to  correlate  two  of  the  selachian  teeth  with  one  of  the 
spines  as  belonging  to  one  and  the  same  species.  The  list,  as  it 
stands  at  present,  is  as  follows  : 


ELASMOBRANCHIL 

Diplodus  parvulus^  Traq.,  tooth. 
Tristychius  arcuaius^  Ag.,  spines. 
Euphy acanthus  semistriatus  (Traq.),  spines. 
Belodus  falcatus^  Traq.,  spines  and  (?)  teeth. 
Oracanthus  armigerus^  Traq.,  spines  and  teeth. 
Caliopristodus pectinatus  (Ag.),  tooth. 
Ciadodus  mirabilis^  Ag.,  tooth. 

„        sp.  indet.  teeth. 
AcanthodeSt  sp.  spines. 

TELEOSTOML 

Rhizodopsis^  sp.  scales  and  head  bones. 
Strepsodus  striatuluSy  Traq.,  teeth. 
MegalichthySy  sp.  scales. 
Cceiacanihus  abdenensis^  Traq.,  head  bones. 
Elonichthys  pectinatus^  Traq.,  scales. 
Eurynotus  crenatus^  Ag.,  scales  and  head  bones. 
Cheirodus  crassus^  Traq. 

Remarks  on  the  Species. 

Four  species  are  here  recorded  which  were  not  in  my  previous 
list,  namely :  Diplodus  parvalus^  Euphyacanthus  semistriatus^ 
Ciadodus  mirabiliSy  and  Calacanthus  abdenensis. 

From  the  list  I  have  deleted  Strepsodus  {Archichthys)  partiocki^ 
Helodus  {Pieurodus)  woodi^  Pceciiodus  elongatus^  and  Deltopty- 
chius  sp.,  for  the  following  reasons  : 

The  tooth  previously  attributed  to  Strepsodus  portlocki  (Ag.) 
seems  to  me  now  not  to  differ  materially  from  those  of  S,  striatulus^ 
Traq.,  which  occur  in  the  same  bed. 

Careful  examination  of  the  types  of  Helodus  {Pleuradus)  woodi 
(Davis)  has  convinced  me  that  the  small  inrolleid  teeth,  common 
in  the  Abden  bed,  do  not  belong  to  that  species.    They  more 

*  Remarks  on  the  Fossils  of  the  Bone  Bed  at  Abden.    /^.,  pp.  314*3x5. 
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ittcmblc  the  teeth  of  H,  (Pleurodus)  aiiheyi  (Barkas),  but  as  they 
are  assodated  here  with  a  very  distinct  Helodont  spine,  H. 
fakatus^  Traq.,  we  may  provisionally  correlate  them  with  that 
spine. 

Pmlodus  elongatus,  Traq.,  and  the  tooth  which  I  referred  to  as 
Dtltoptyduus  sp.,  form  undoubtedly  the  dentition  of  the  fish, 
allied  to  the  Permian  Menasfis,  whose  head  was  furnished  with 
the  spines  to  which  I  gave  the  name  of  Oracanthus  armigerus,^ 
Of  the  two  forms  of  tooth  the  DeltoftychiusAWit  one  forms  the 
palatal,  and  the  apparent  Pcsdiodus  the  mandibular,  dentition  of 
the  fish  in  question. 

To  the  remains  of  Acanthodes^  Rhizodopsis^  and  Megalichthys 
occurring  in  this  bed  I  am  still  unable  to  attach  specific  names. 


Remarks  on  the  Conditions  of  Deposit. 

As  is  already  known,  the  fish  remains  of  the  Abden  Bone 
Bed  are  remarkable  for  the  absolutely  fragmentary  condition  in 
which  they  occur.  I  myself  have  not  seen  one  single  instance  of 
two  separable  bones  or  teeth  being  found  in  apposition. 

The  species  of  fish  occurring  in  this  bed  are  mostly  of  an 
cstuarine  character,  such  as  Eurynoius  crenatus^  Tristychius 
ofotaiut^  Euphyacanthus  semistriatus^  Acanthodts^  Sirepsodus 
^aiiiiuSf  Elonichthys  pectinatus^  Callopristodus  pectinatus^ 
J^plodus  parvuius.  Othere  are  more  decidedly  marine,  such  as 
Oracanthus  amdgerus  and  Helodus  falcatus.  But  as  yet  only  one 
^ly  marine  fish-remain  has  occurred,  namely,  a  tooth  of  Cladodus 
^tabiUs^  so  that  the  prevailing  facies  of  the  deposit  is,  so  far  as 
^e  fishes  are  concerned,  decidedly  estuarine. 


EXCURSION  FROM  BATHGATE  TO  LINLITHGOW. 

Bv  PROF.  JAMES  GEIKIE,  LLD.,  D.C.L.,  F.R.S.U  &  E.,  F.G.S. 

[Rtmdjufy  tnd,  iSgrj.] 

The  railway  to  Bathgate  traverses  the  Calciferous  Sandstone 
"^cs  of  the  Carboniferous  System.  That  series  consists  of  two 
P^psof  strata,  namely,  (i)  The  Red  Sandstone  group — a  set  of 
'^dish,  yellowish,  and  white  sandstones,  with  associated  shales 
^^  days ;  and  (2)  The  Cement-stone  groups  comprising  white  and 
y^W  sandstones,  and  blue  and  black  shales,  which  now  and 
^ain  contain  seams  of  limestone,  cement  stone,  clay-ironstone, 
*^  thin  coals.     It  is  this  latter  group  which  has  yielded  most  of 

*  Notes  oa  Carbooiferous  Selachti.  Geol,  Mag.  (3X  vol.  v,  p.  85,  1888. 

August,  1897.] 


146  EXCURSION   FROM   BATHGATE  TO   LINLITHGOW* 

the  building  stones  used  in  Edinburgh.  The  bituminous  shales 
of  the  group  have  long  been  worked  for  the  production  of 
mineral  oil.  The  seams  of  limestone  and  coal,  however,  are 
generally  too  thin  to  be  of  economic  importance — the  only  seams 
which  have  been  assiduously  worked  being  the  Burdiehouse  or 
Queensferry  limestone  and  the  Houston  Coal. 

The  general  dip  of  the  strata  between  Edinburgh  and  Bath- 
gate is  westerly,  but  at  a  low  angle,  and  the  strata  frequently 
undulate,  thus  giving  rise  to  tortuous  outcrops,  and  many  small 
basins. 

Contemporaneous  basalts  and  tuffs  occur  low  down  in  the 
Calciferous  Sandstone  series,  and  another  set  of  similar  rocks 
makes  its  appearance  towards  the  top  of  the  series,  as  will  be 
pointed  out  more  fully  in  the  sequel. 

The  strata  are  again  and  again  traversed  by  sheets  of  intrusive 
rock  (Dolerite,  Diabase,  Basalt),  and  pierced  by  necks  of  volcanic 
agglomerate  and  tuff,  with  which  basalt  is  now  and  again 
associated. 

The  youngest  igneous  rocks  of  the  district  are  dykes  of 
basalt,  which  have  a  prevalent  east  and  west  trend.  The  most 
important  faults  of  this  region  run  approximately  from  north-east 
to  south-west.  The  whole  region  is  covered  to  a  less  or  greater 
depth  by  boulder-clay,  which  here  and  there  is  overlaid  by  kam 
and  sheets  of  gravel  and  sand. 

The  ground  to  be  visited  by  the  excursion  lies  almost  wholl 
within  the  Carboniferous  Limestone  area.     It  may  be  as  well 
note  here  that  this  series  in  Scotland  is  divisible  everywhere  i 
three  well-marked  groups,  which  are  as  follows  : 

3.  White  sandstone,    with    grey,    blue,    and   black    shales, 
associated  with  which  are  usually  three  thin  marine  limeston 
and  occasional  workable  seams  of  coal  and  ironstone. 

2.  White  sandstones  and  dark  shales,  with  many  workabl 
seams  of  coal  and  ironstone. 

I.  Sandstones  and  shales,  usually  with  three  limestones,  on 
of  which  (Hurlet  or  Main  Limestone)  has  an  average  tbickn 
of  8  or  9  feet     This  is  the  most  important  of  the  Scotti 
limestones.     Now  and  again  it  thickens  out  to  90  or  100  f( 
(Ayrshire).     In  the  Bathgate  Hills  it  reaches  a  thickness  of  70 
80  feet.     Seams  of  coal,  usually  very  thin,  and  bands  of  clay-i 
stone  are  met  with  in  this  group. 

In  the  Bathgate  and  Linlithgow  district  the  Limestone  sei 
contains  many  bedded  basalt-rocks  and  tuffs.     It  is  the  presei 
of  these,  in  fact,  which  gives  its  chief  interest  to  the  district — 
it   is  noteworthy  that    no   trace   of  similar  volcanic  action 
met  with  in  the  contemporaneous    strata    of   Midlothian 
the     one    hand,    or    in    those    of    Dumbartonshire    on 
other.      For    convenience     of    mapping,    the     Hurlet    Li 
stone  has  generally  been  taken  as  the  base  of  the  Limest 
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series.    But    now    and    again    one    or    more    thin    seams    of 
marine  limestone  occur  on  a  somewhat  lower  horizon.     In  the 
Bathgate  Hills,  for  example,  an  encrinital  limestone  occurs  at  a 
depth  of  more  than  loo  feet  below  the  Hurlet  seam,  so  that  in 
this  district  marine  conditions  had  set  in  before  the  accumula- 
tion  of  the   Hurlet  Limestone  had  commenced.    The  lowest 
limestone,  just  referred  to,  is  seen  at  Whitebaulks  and  Tar- 
traven  towards  the  north  end  of  the  Bathgate  Hills,  where  it 
fests  directly  upon  a  thin  seam  of  coal.     As  the  limestone,  with 
Its  associated  sandstone  and  shales,  is  followed  southward,  the 
accompanying  strata  gradually  thin  away  until  at  Kirkton,  near 
Batbgate,  the  limestone  is  underlaid  and  overlaid  directly  by 
volcanic  rocks.     As  the  underlying   basalts  and  tuffs   attain  a 
thickness  of  several  hundred  feet,  and  towards  the  north  end  of 
^^e    hills  are  interstratified  with  the  true  Calciferous  Sandstone 
•^''ies,  it  is  obvious  that  the  volcanic   conditions,  which  are 
^h^xacteristic  of  the  whole  Limestone  scries,  must  have  com- 
^^^nced  in  Calciferous  Sandstone  times. 

Intercalated  among  the  volcanic  rocks  which  underlie  the 
*2]^^st  marine  limestone  appears  a  remarkable  bed,  which  Dr. 
^»t>bert  considered  to  be  a  deposit  from  thermal  springs  in  the 
"^loinity  of  some  volcano.  The  bed  in  question  is  a  limestone  of 
^^>Tr  unequal  thickness,  varying  as  it  does  in  a  few  yards  from  5 
^^  C  feet  to  10  or  12  feet.  It  is  a  hard  grey  rock,  laminated  for 
^*^^  most  part,  and  abundantly  charged  with  black  chert.  This 
^^^^^urs  in  numerous  laminae,  which  are  often  contorted  and 
.  *"^cciated.  Not  infrequently  the  chert  forms  larger  and  smaller 
jT'^^ular  concretionary  masses.     The  only  fossils  met  with  are  a 

traces  of  coal  plants. 

Unfortunately,  the  section  in  Kirkton  Quarry  is  now  so  over- 

wn  that  very  little  is  seen ;  and  the  same,  alas  !  is  to  be  said 
^^  most  of  the  old  quarries  seen  in  the  Bathgate  Hills.  It  may 
^^  interesting,  however,  to  note  here  the  section  seen  at  the  north 
^^d  of  Kirkton  Quarry  when  it  was  visited  by  the  Geological 

Columnar  Basalt. 

Shales  and  sandy  beds,  tufTaceous  towards  the  top.  Plants 
^^bundant  and  well-preserved,  including  Lepidodendron^  Stigmaria^ 
^^^copteris,  etc. 

Limestone,  finely  laminated,  occasionally  showing  much  twist- 
^^g  and  contortion. 

[Space  obscured  by  herbage  and  debrisJ] 

Alternations  of  Tufif  and  Limestone. 

Limestone,  laminated,  cherty. 

Band  of  tuffaceous  Limestone  and  Tuff. 

Concretionary  Tuff. 

Basalt  rock. 
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The  section  varied  considerably  in  different  parts  of  the 
quarry.  The  explanation  adopted  by  the  Survey  is  practical]} 
that  suggested  by  Dr.  Hibbert. 

The  dip  of  the  strata  throughout  the  district  is  persistentl) 
towards  west.  Proceeding  in  that  direction  from  Kirkton  we  pasj 
over  a  thick  bed  of  basalt  and  reach  the  lowest  marine  limestone 
Here  the  bed  rests  upon  bedded,  fine  grained  tuff,  and  is  shalej 
below  and  somewhat  tuffaceous  towards  the  top.  Above  this 
come  beds  of  tuff  and  shale,  and  these  are  overlaid  by  limestone 
with  thin  partings  of  tuffaceous  matter,  after  which  follows  a  bed 
of  basalt.  Encrinites  and  corals  are  common  in  the  limestone  ; 
but  the  sections  are  now  almost  wholly  obscured. 

Still  walking  westward,  we  traverse  basalts  until  the  outcrop 
of  the  Hurlet  Limestone  is  reached.  This  bed  was  formerly  ex- 
tensively worked,  and  the  long  line  of  quarries  still  afford  sections 
in  which  the  character  of  the  rock  may  be  seen.  In  some  places 
it  is  immediately  underlaid  and  overlaid  by  tuff;  in  other  places 
shales  and  sandstones  separate  it  from  the  volcanic  rocks  above  and 
below.  The  thickness  of  the  limestone  varies,  the  maximum 
being  80  feet.  In  the  aqueous  strata  associated  with  it,  seams  ol 
coal  and  fireclay  occur.  At  the  north  end  of  North  Mine 
Quarry  the  following  section  was  formerly  well  displayed  : 

Basalt 
Black  Shale. 
Tuff,  yellowish  green. 

Tuff,  blueish,  with  rounded  fragments  of  altered  sandstone 
and  limestone. 

Grey  Sandstone  with  Stigmaria, 
Coal,  with  StigfttaricB  on  upper  surface. 
Fireclay. 
Limestone. 

This  association  of  coal  and  fireclay  with  marine  limestone 
is  one  of  the  most  interesting  characteristics  of  the  Scottish 
Carboniferous  Limestone  Series. 

The  strata  above  the  Hurlet  beds  consist  of  a  great  succession 
of  basalts,  with  intercalated  layers  of  tuff,  shale,  and  sandstone, 
overlying  which  comes  a  relatively  thick  set  of  sandstones  and 
shales  containing  four  workable  coals.  This  is  the  "middle 
group  "  of  the  Limestone  Series.  The  "  upper  group  "  imme- 
diately succeeds  it  to  the  west,  and  in  this  group  the  last  of  the 
contemporaneous  basalts  makes  its  appearance.  Both  of  these 
groups  crop  out  at  the  foot  of  the  Bathgate  Hills,  where  they  are 
largely  obscured  under  boulder-clay,  etc. 

The  contemporaneous  igneous  rocks  of  the  district  attain  their 
greatest  thickness  at  a  point  rather  more  than  half-way  between 
Bathgate  and  Linlithgow.  A  few  miles  south  of  Bathgate  they 
are  represented  by  only  one  or  two  beds  of  basalt  •  In  a  northerly 
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direction  they  continue  beyond  Linlithgow,  and  are  well-developed 
'o  the  coal-field  of  Borrowstowness. 

The  intrusive  rocks  of  the  district  are  represented  by  sheets, 

dykes,  and  necks.     One  sheet  is   traversed  by  the  excursion 

about  a  mile  or  so  north  of  Kirkton  Quarry.     Several  of  the 

east  and  west  dykes  also  are  crossed,  and  can  be  studied  in 

detail — one  of  them  cutting  through  a  volcanic  neck. 

Metalliferous  veins  have  been  worked  in  the  heart  of  the 
Ba.thgate  Hills.  Argentiferous  galena  appears  to  have  been 
obtained  in  some  quantity  at  a  very  early  period.  The  mines 
wrcre  reopened  some  twenty  years  ago,  and  found  to  be  extensive ; 
but  the  new  working  was  unremunerative. 

The  glacial  phenomena  of  the  district  do  not  call  for  any  par- 
tioular  notice.  Rock-striae  are  seen  now  and  again  ;  in  one  place 
a.  vertical  face  of  rock  being  well-smoothed  and  striated.  The 
direction  of  glaciation  is  from  west  to  east,  shown  both  by  rock- 
and  the  "  carry  *'  of  the  stones  in  boulder-clay. 
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By  prof.   JAMES  GEIKIE,  LL.D.,  D.C.L.,  F.R.S.U  &  E.,  F.G.S. 

[Riod  Jufy  2nd^  i9qn.\ 

^1*^^  Section  along  the  sea  coast  between  St  Monans  and  Elie 
j^^^^  excellent  exposures  of  the  lower  group  of  the  Carboniferous 
\  ^  ^^^slone  Series,  and  the  underlying  Calciferous  Sandstone  Series. 
^"^50  cuts  across  a  number  of  volcanic  necks — the  composition 
structure  of  which,  and  their  relation  to  the  adjoining  rocks, 
be  studied  in  detail. 
*The  excursion  will  visit  first  the  lower  limestones  on  the 
^h  at  St.  Monans.  The  strata  are  here  arranged  in  a  sharp 
^^line  with  an  intermediate  subordinate  anticline. 
^  About  one  mile  to  the  east  of  St.  Monans  the  junction  of  the 
^'^estone  series  and  the  immediately  underlying  Calciferous 
^dstone  series  is  well  exposed,  the  beds  dipping  at  angles  of  45*^- 
*^  towards  north-west  The  lower  series  consists  of  white,  yellow, 
reddish  sandstones,  fine  conglomerate,  and  black  and  purple 
es,  with  some  thin  seams  of  coal  and  limestone. 
^  The  overlying  Limestones  (Carboniferous  Limestone  Series)  are 
^^^  in  number,  the  most  important  bed  being  the  third  lowest  of 
^^e  scries.  The  Limestones  are,  as  usual,  interstratified  with 
^nales  and  sandstones.  Overlying  the  Limestones  are  sandstones 
^*^d  shales  containing  two  coals  and  an  overlying  Limestone. 
August,  1987.]  xi 
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These  are  the  highest  strata  seen  upon  the  beach.  West  of  the 
Harbour  of  St.  Monans  the  lower  Limestones  again  crop  out^ 
with  a  strong  dip  to  the  east. 

The  fossils  obtained  by  the  Geological  Survey  from  these 
Limestones  are  as  follows  :  Lithostroiiony  Aulophyllum^  Chatetes^ 
Ctriopora^  Fenestella^  Poieriocrinus^  Griffithides  eickwaldi^ 
Eurypterus  htbberti,  Productus  semtreticuiatus^  P,  longispinuSy 
P.  scabriculus^  Chonetes  iaguessiana  (C  hardren5is)y  Rhytichonella 
pieurodon,  Spirifera  duplidcostay  S,  trigonalis^  Orthis  muhelim^ 
Ctenodonta  gibbosa,  Myacites  sulcatus^  M.  costeiiatuSy  BelUrophan 
uriiy  Orihoceras  annulare. 

At  St.  Monans  the  first  of  the  necks  puts  in  its  appearance. 
It  consists  of  agglomerate  and  tuff  of  the  usual  character,  and  is 
traversed  by  dykes  and  squirts  of  basalt.  On  the  west  side  of 
this  neck  the  Carboniferous  Limestone  Series  again  crops  out 
The  strata  are  curved  in  somewhat  sharp  anticlines  and  synclines, 
and  the  beds  are  consequently  repeated.  They  show  two  thin 
seams  of  limestone — the  associated  shales  being  rich  in  fossils — 
amongst  which  may  be  mentioned  :  Productus^  Lingula^  Myacites^ 
SchizoduSy  Soienomya,  Aviculopecteny  Edmondia^  I^autiluSy  Am- 
biypieruSj  RhizoduSy  etc.  Plants  are  also  more  or  less  common 
both  in  shales  and  sandstones. 

Between  St.  Monans  and  Newark  Castle  the  Limestone  series 
is  again  broken  through  by  a  small  neck,  which  measures  hardly 
more  than  50  yards  by  35  yards  across.  In  the  immediate 
vicinity  of  this  and  the  other  necks  the  strata  are  usually 
jumbled,  and  often  turned  over  sharply  as  if  dipping  into  the 
neck. 

Immediately  west  of  Newark  Castle  another  small  neck  is 
seen,  cutting  through  disturbed  beds  of  sandstone  and  shale.  A 
little  further  to  the  west  we  encounter  one  of  the  largest  necks — 
that  of  Coalyard  Hill.  Dykes  and  veins  of  basalt  and  "  white  trap  " 
are  associated  with  it.  Along  the  margin  of  this  neck  the  strata  are 
often  much  contorted,  and  here  and  there  they  stand  on  end.  On 
the  beach  below  Ardross,  sandstones  and  shales  with  clay  ironstone 
are  overlaid  by  sandy  fireclay,  full  of  rootlets,  coal  2\  ins.,  blue 
clay  9  ins.,  and  limestone  i  ft.  8  ins.  Above  these  come  blue 
shales  crowded  with  crinoid  stems  and  other  fossils.  The  whole 
section  is  capped  by  the  shelly  gravel  of  a  raised  beach. 

Proceeding  westward  we  now  traverse  sandstones  which  bend 
over  suddenly  towards  another  large  neck,  traversed  by  basalt 
dykes  as  usual.  Crossing  this  neck  we  reach  an  area  of  much 
broken  and  hardened  sandstone,  and  shortly  afterwards  encounter 
a  somewhat  smaller  neck  of  much  the  same  character  as  those 
already  visited. 

Further  to  the  west  we  come  upon  one  of  the  most  interesting 
necks  of  the  district — that  of  Shepherd  Law.  The  junction 
between  the  neck  and  the  sandstones  and  shales  is  very  clearly 
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dnplayed,  the  strata  being  jumbled  and  altered,  and  turned  up 

oa  end  or  bent  backwards  towards  the  neck.    The  strata  through 

which  the  neck  of  Shepherd  Law  has  pierced  are  believed  to 

helong  to  the  Calciferous  Sandstone  Series.   A  little  to  the  west  ot 

it  one  of  the  lower  encrinital  limestones  again  appears.     Before 

this  limestone  is  reached  a  broad  intrusion  of  dolerite  is  seen. 

At  EHe  Harbour  yet  another  neck  is  displayed.    No  other  neck 

seen  upon  the  coast  shows  better  the  various  characteristics  of 

this  volcanic  structure.    The  junction  line  is  excellently  exposed, 

And  shows  how  the  strata  are  turned  on  end  and  bent  inwards  to 

^e  neck.     In  places  the  sandstones  are  baked  into  quartz  rock, 

^*^d  the  strata  much  jumbled  and  shattered.      The  internal  struc- 

^**^  of  the  neck  itself  is  interesting,  showing,  as  it  does,  the 

general  centro-clinal  dip  of  the  agglomerate. 

Probably  time  will  not  suffice  to  go  beyond  this  point.     But 

''  possible  the  large  intrusion  of  columnar  basalt  at  the  west  end 

^^  Barlsferry  should  be  visited.    The  chief  points  to  be  noticed 

^^'^e  the  columnar  structure,  and  the  change  which  the  basalt 

Undergoes  at  its  point  of  junction  with  the  sandstones  and  shales. 

^^  contact  with  the  former  it  is  usually  rendered  somewhat  soft, 

^j5^d  assumes  a  brownish  colour,  while  where  it  comes  on  the  black 

^Oale  it  passes  into  "  white  trap." 

On  the  shore  at  Elie  appears  a  bed  of  clay  charged  with  arctic 

?*^eHs ;  smaller  and  larger  erratics,  some  of  them  scratched,  occur 

15^  the  clay — amongst  the  erratics  being  nodules  and  fragments  of 

_*'^t.     Amongst  the  shells  obtained  from  the  clay  are:  Saxicava 

^J^<osa,    Thracia  myopsiSy    Tellina  proxima,  Asiarte   compressay 

^"^neila  decussata.  Leda  arctica^  Pecten  grosnlandicuSy  Turriiella 

^^^ris^  Ndtica  grctniandica^  Nucula  tenuis^  var.  inflaia, 

^^  ^     Three  well-marked  raised  beaches  can  be  followed  in  the  Elie 

^^ strict.    The  lowest  one  (25-30  feet),  however,  is  largely  obscured 

*^y  9  covering  of  blown  sand.     The  middle  one  (50  feet  beach)  is 

^^^ch  more  readily  traced — forming  a  broad  terrace.    The  highest 

S^ oo  feet  beach)  here  and  there  makes  a  feature  at  the  surface, 

^^^  it  is  much  washed  down,  and  the  limits  of  the  terrace  are 

*^^rcily  traceable  continuously  for  any  distance. 

On  the  western  side  of  Kincraig  Hill,  two  miles  west  of  Elie, 
^    succession  of  old  sea-cliffs  is  well  seen.    These  occur  at  the 
following  approximate  levels:  25-30  feet,  50  feet,   75  feet,    100 
'feet,  150  feet 
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By  HORACE  W.  MONCKTON,  F.L.S.,  F.G.S. 
[Read  July  Tnd^  iB9J,\ 

It  is  proposed  to  devote  one  day  of  the  excursion  to  Stirling, 
and  thus  afford  an  opportunity  for  the  comparison  of  the  rocks  on 
the  western  side  of  the  Stirlingshire  Coalfields  with  those  of  Mid- 
lothian and  Linlithgow. 

The  district  has  already  been  dealt  with  at  some  length  in  our 
Proceedings,*  and  the  diagram  section  (Fig.  2)  is  reproduced 
from  the  former  paper.  The  line  of  section  passes  in  an  almost 
east  and  west  direction  through  a  point  about  three  miles  south 
of  Stirling  Castle.  This  is  close  to  the  south  edge  of  Sheet  39 
of  the  Geological  Map,  and  consequently  the  explanation  of  Sheet 
31,  which  joins  on  to  the  bottom  of  Sheet  39,  will  be  found 
useful,  for  as  yet  no  explanation  of  Sheet  39  has  been  published 
amongst  the  Memoirs  of  the  Geological  Survey. 

The  most  prominent  natural  features  at  and  near  Stirling  are 
the  basaltic  crags  upon  one  of  which  the  Castle  stands.  These 
crags  are  formed  of  intrusive  dolerite,  which  is  indicated  by  a  most 
conspicuous  colour  on  the  Geological  Map.  The  particular  crag 
selected  for  examination  by  our  members  during  the  excursion  is 
known  as  the  Sauchie  Craig,  and  is  shown  in  the  diagram  section 
Fig.  2.  It  has  been  quite  recently  dealt  with  at  some  length  in 
the  Quarterly  Journal  of  the  Geological  Society,  vol.  li,  p.  480 
(1895),  and  a  few  words  will  therefore  suffice  for  it  now. 

The  rock  is  fairly  coarsely-crystalline,  and  the  microscope 
shows  it  to  be  composed  of  (i)  a  plagioclase-felspar,  probably 
labradorite,  often  well-preserved  and  of  very  variable  size,  some- 
times o*35  inches  long — perhaps  '08  x  '015  inch  may  be  taken 
as  a  fairly  common  size  amongst  the  larger  crystals ;  (2)  Augite 
also  frequently  very  fresh  ;  (3)  Iron  oxide  (Haematite  or  Ilmenite] 
fairly  abundant ;  (4)  Biotite,  which  occurs  in  small  flakes  but  \\ 
not  common ;  (5)  Long  needles,  usually  identified  as  apatite. 

There  are  also  in  some  cases  a  few  small  flakes  of  hornblende 
and  some  grains  of  quartz,  perhaps  secondary,  and  a  good  dea 
of  green  or  brownish-green  change  product,  serpentinous  mineral 
calcite,  etc. 

The  marginal  portion  is  as  usual  in  intrusive  sheets  fine 
grained  than  the  centre,  and  often  more  or  less  glassy,  and  haj 
been  described  in  detail  in  the  paper  in  the  Quarterly  Jouma 
already  cited. 

Evidence  in  favour  of  the  intrusive  character  of  the  dolente  ii 

*  VoL  xii,  p.  942  (1899). 
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furnished  by  the  altered  condition  of  the  stratified  rocks  in 
immediate  contact  with  it  both  at  the  top  and  bottom,  and  in 
several  places  in  Sauchie  Craig  it  is  seen  that  the  dolente  does 
not  conform  to  the  bedding  of  the  underlying  strata,  and  in  at 
least  one  place  a  mass  of  strata  is  more  or  less  invohed  in  the 
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Fig.  3. 


igneous  rock.  At  Sauchieburn  too,  there  appear  to  be  two  or 
more  small  sheets  of  igneous  rock  below,  but  in  connection  with 
the  main  mass  of  the  dolerite.  They  are  indicated  on  the  sketch- 
map  (Fig.  3). 

This  intrusive  rock  is  classed  by  Sir  Archibald  Geikie  with  the 
Carboniferous  Puys,  and  he  gives  the  date  of  intrusion  as  about 
the  period  of  the  Carboniferous  Limestone.* 
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The  junction  of  the  intrusive  igneous  rock  with  the  underlying 
shales  is  very  well  seen  in  Sauchie  Craig^  and  the  members  of  the 
party  will  be  able  to  examine  it  closely.  The  igneous  rock  usually 
rests  on  very  much  altered  shale,  and  at  a  variable  distance  below 
it  is  the  outcrop  of  the  Hurlet  Limestone,  which  occurs  close  to 
the  base  of  the  Carboniferous  Limestone  Series.  Locally  the 
limestone  is  known  as  the  Murrayshall  Limestone,  and  it  has 
formerly  been  largely  worked  by  levels  which  run  far  under  the 
intrusive  igneous  rock. 

Associated  with  the  limestone  are  dark-coloured  shales,  which 
in  places  are  crowded  with  fossils.  The  following  were  collected 
by  myself  on  Sauchie  Moor : 

Potmocrinus,  Productus  costatus,  Sow. 

Aihyris  planosulcatay  Ph.  Productus  iatissimuSy  Sow. 

Atfyris  rotssyi\  Lev.  Productus  longispinus^  Sow. 

Ckonites  laguessianay  de  Kon.  Productus  punctatus^  Mart. 

Chondts  polita^  M*Coy.  Productus  semireticulatus^  Mart. 

Unpda  squamiformis^  Ph.  Retzia  radiaiis^  Phil. 

Orthis  michelini^  L^v.  Spirt/era  glabra^  Mart. 

Orthis  resupinatay  Mart.  Spirifera  trigonaits^  Mart. 

Productus  cuuieatusy  Mart.  Natica  ampUatay  Phil. 

The  limestone  and  associated  shales  form  the  base  of  the 

Carboniferous    Limestone  Series,    and   below    it    we    find  the 

Caldferous  Sandstone,  which  is  here  almost  entirely  represented 

by  contemporaneous  volcanic  rocks,  mapped  as   "Porphyrite, 

^)  of  Calciferous  Sandstone  Age."     Its  horizon  is  indicated  on 

the  comparative  sections  of  Lower  Carboniferous  Rocks  (Plate 

^1)<    This  rock  is  seen  rising  in  small  hummocks  close  to  the 

^nockburn,  below  Sauchie  Craig,  and  it  stretches  away  far  to 

^  west,  forming  a  great  area  of  grouse-moor  up  to  the  Gargun- 

"^^  Hills  and  the  Gampsie  Fells.    It  is  classed  by  Sir  Archibald 

^kie  with  the  Carboniferous  Plateaux  eruptions.* 

^    As  will  be  seen  on  reference  to  Fig.  2,  it  is  the  top  of  the 

^orphyrite  "  which  is  exposed  near  Sauchie.    In  places  it  is  some- 

^hat  slaggy  in  appearance,  but  for  the  most  part  it  is  a  markedly 

jf^hyritic    basaltic    rock,   usually    more    or    less  changed    or 

decayed. 

.  The  porphyritic  minerals  are  (i)  Plagioclase,  which  is  some- 
iiH^g  well  preserved ;  (2)  Olivine,  usually  much  changed,  occurs 
'^  ^11  the  micro-sections  from  Sauchie  which  I  have  seen,  but 
^*^etimes  is  rare  and  only  in  small  granules ;  (3)  Augite  only 
'Urs  as  a  porphyritic  mineral  in  one  of  my  Sauchie  slides. 
The  ground  mass  is  formed  of  small  felspar,  iron  oxide,  and 
ite.     There  are  usually  more  or   less  calcite,  chlorite,  and 

*  Loc.  ciUt  pp.  105*107. 
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various  Other  change  products.  In  many  specimens  the  floi 
structure  is  well  marked. 

On  the  Geological  Map  it  will  be  noticed  that  the  'Torphyrite 
is  not  mapped  to  the  east  of  the  intrusive  **  Basalt,"  and  whei 
drawing  Fig.  2  I  had  great  doubt  whether  to  continue  th 
"  Porphyrite  "  8  underground  east  of  the  Dolerite  9.  Eventuall 
I  did  continue  it,  though  the  evidence  is  not  by  any  mean 
decisive  on  this  point. 

To  the  east  of  the  Sauchie  dolerite  the  Hurlet  Limestone  wa 
found  in  a  well  at  Sauchieburn  House,  and  the  Hosie's  Limeston 
has  been  worked  between  Sauchieburn  and  Old  Sauchie. 

The  ponds  of  the  Howietown  Fishery  are  partly  excavated  i\ 
the  sandstone  4  of  Fig  2  and  partly  in  overlying  dark-colourei 
shale.  At  the  chief  hatching-house  of  the  Fishery  there  is  ai 
interesting  section  showing  dolerite  resting  on  indurated  shal 
locally  known  as  "  calm."  If  time  allows,  this  section  and  als4 
the  large  quarry  in  the  dolerite  known  as  the  Millholm  Quarr 
will  be  visited.  The  quarry  is  in  the  intrusive  dolerite,  whid 
there  contains  much  pink  micro-pegmatite,  an  account  of  whicl 
will  be  found  in  the  paper  in  the  Quarterly  Journal  alread 
referred  to. 
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ON  THE  ORIGIN  OF  THE  HIGH-LEVEL 
GRAVEL  WITH  TRIASSIC  DEBRIS  AD- 
JOINING THE  VALLEY  OF  THE  UPPER 
THAMES. 

By  H.  J.  OSBORNE  WHITE,  F.G.S. 
(Read  June  4tk,  tSqrj.) 

I. 

T  T  is  a  well-known  fact  that  the  River  Thames,  in  common 

'with  other  streams,   is  bordered  throughout  its  course  by 

depHDsits  of  gravel,  sand,  and  loam,  which  occur  in  the  form  of 

gently  inclined  sheets  and  impersistent  terraces,   of  greater  or 

less  extent,  at  varying  heights  on  the  slopes  of  its  valley.     The 

^'■^^a.  covered  by  these  deposits  and  the  forms  they  assume  vary 

S^^tly,  being  dependent  on  the  size  and  the  shape  of  the  valley, 

'''^^^b  are,  in  their  turn,  very  largely  determined  by  the  character 

^  the  strata    in  which  the  valley  has  been  eroded.      In    the 

^''^crand  more  durable  rocks,  such  as  the  Oolite  Limestones, 

^<i  the  Upper  Chalk,  the  valley  is,  as  a  rule,  narrower  and  has 

^?^per  sides,  and  the  drifts  are  consequently  more  scanty,  and 

itlx  wider  vertical  intervals  between  the  separate  terraces,  than 

^^_  t^l^e  less  resisting  rocks,  such  as  the  Upper  Jurassic  and  Eocene 

and  sands. 


,        The  gravel,  which  constitutes  the  major  part  of  the  valley 

,^F>osits,   contains    a  mixed  assemblage    of  materials  derived 

^^^ctly  (and  also  to  a  large  extent  indirectly,  by  way  of  the  older 

^***  ^t5)  from  the  rocks  of  the  Thames  basin.     As  might  be  ex- 

j^^^^t^ed  from  the  great  variety  of  the  rocks  exposed  in  the  region 

^^'V'crsed  by  the  river  and  its  tributaries,  the  relative  proportion 

-*^  t^he  constituents  differs  greatly  in  different  places.     Thus,  near 

^^^    sources  of  the  stream  in  the  Cottes wolds,  the  gravel  is  com- 

^^^^d  chiefly  of  small,  waterworn  fragments  of  Oolitic  limestone ; 

Oxford  flints  become  common,  and  there  is  (in  the  lower 


Pr^^(j5^  at  least)  an  abundance  of  the  stouter  fossils  from  the 

-p^^^ord  Clay  and  the  Corallian  rocks,  and  fossiliferous  pieces  of 

ck  5^^^st  Marble;  while  lower  still,  in  the  London  Basin,  partially  worn 

*rits  far  outnumber  the  sum  of  the  other  constituents,  and  we 

^^^  Lower  Greensand  chert  and  ironstone,  from  the  Wealden 


j^^>  and  flint  pebbles  and  sarsenstones  from  the  Eocene  beds. 
p^  ?^dition  to  the  fragments  of  the  more  durable  rocks,  and  less 
^jV"*^hable  portions  of  the  softer  rocks  occurring  in  the  region 
^j^^*^ed  by  the  Thames  system  there  is,  from  the  Oxford  district 
^jj.-^^  wards,  a  large  variety  of  siliceous  debris  derived  from  older 
^  ^^>  which  evidently  represents  the  sweepings  of  a  far  greater 
^  of  country. 
AvGUST,  1897.] 
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Of  the  sand  and  loam,  or  brickearth,  associated  with  the 
gravel,  it  is  here  unnecessary  to  speak.  Taking  the  valley  de- 
posits as  a  whole,  the  stratified  arrangement  they  exhibit  in 
sections,  the  presence  within  them  of  freshwater  mollusca  and 
plants,  mammalian  bones,  and  palaeolithic  implements,  their 
proximity  to  the  river,  and  their  general  resemblance  to  the 
alluvium  in  process  of  formation  at  the  present  day,  establish 
their  fluviatile  origin  so  completely  that  few  geologists  would 
question  the  propriety  of  the  term  "  River  Drift "  now  usually 
applied  to  them. 

Now  while  there  exists  a  very  general  agreement  as  to  the 
nature  of  such  valley  beds,  there  are  considerable  differences  of 
opinion  with  regard  to  the  origin  of  certain  closely  related 
deposits  which,  though  lying  for  the  most  part  without  the  limits 
of  the  valley  proper,  have  the  essential  features  of  the  River  Drift, 
into  whose  highest  terraces  they,  indeed,  often  merge. 

The  deposits  referred  to  are  those  well  developed  masses  of 
gravel  and  sand  which  spiead  in  broad,  plateau-like,  gently- 
sloping  terraces  from  the  crests  of  the  slopes  of  the  Thames 
valley  up  to  heights  of  more  than  300  ft.  above  the  level  of  the 
stream,  between  Stanlake,  in  Oxon,  and  the  Maidenhead  district 
In  the  published  memoirs  and  drift  maps  of  the  Geological 
Survey,  which  include  only  a  small  portion  of  this  tract  of  country 
near  to  its  eastern  limit  (Sheet  7),  this  high  level  drift  has  been 
described  and  mapped  as  "Glacial  Gravel" — for  the  reason  that 
(in  common  with  doubtful  deposits  of  the  same  type)  "  it  seems 
to  occupy  the  same  position  as,  and  either  to  be,  or  once  to  have 
been,  continuous  with  other  masses  of  gravel  and  sand 
beyond  our  borders  which,  though  underlying  the  Great  Boulder 
Clay,  are  shown  to  be  allied  to  it  by  sometimes  containing  a  thinner 
mass  of  a  like  stony  clay  and  by  sometimes  overlying  another 
Boulder  Clay,"*  By  the  officers  of  the  Geological  Survey  the 
line  of  demarcation  between  the  River  Drift  and  Glacial  Gravel  is 
made  to  coincide,  on  the  whole,  with  the  crest  of  the  slopes  of  the 
valley,  whichishere,asarule,rathersharply defined; />. from  100 ft. 
to  150  ft.  above  the  river.  But  this  line  is  admitted  by  Mr.  Whitakerf 
and  other  observers  to  be,  to  a  large  extent,  an  arbitrary  one — its 
position  being  dictated  by  convenience  rather  than  by  objective 
differences  in  the  deposits  separated. 

Not  only  do  the  higher  masses  often  pass  into  the  lower,  as  I 
have  remarked,  but,  inasmuch  as  the  depth  and  shape  of  the  valley 
are  subject  to  somewhat  rapid  changes,  it  frequently  happens  that 
the  lower  plateaux  of  the  Glacial  Gravel  in  one  locality  occur  at 
smaller  elevations  above  the  river  than  the  higher  terraces  of  the 
River  Drift  in  another,  closely  adjacent.  Not  long  since,  Mr.  Allen 
Brown  drew  attention,  in  our  Proceedings,  to  a  notable  instance 

*  Whitaker,  The  Geology  of  London  (1889),  vol  i,  p.  199. 
t  /bt'd.,  pp.  300  and  301. 
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o(  this  in  the  drift  -  covered  tract   between  Maidenhead  and 

l/xbridge,* 

So  far  as  outward  appearance,  internal  structure,  and  general 
composition  are  concerned  the  differences  are  certainly  not  such 
as  to  justify  this  separation.  The  features  these  "  Glacial "  beds 
lend  to  the  landscape  are  not  appreciably  different  from  those 
to  which  the  larger  terraces  of  River  Drift  give  rise.  Indeed,  when 
standing  on  one  of  the  better  developed  plateaux  one  may  often 
find  it  hard  to  realise  that  the  river,  at  its  nearest  point,  is  actually 
running  at  a  level  lower  by,  perhaps,  two  or  three  hundred  feet.  In 
section,  these  beds  often  exhibit  the  well  marked  stratification  and 
alternation  of  finer  with  coarser  materials  characterising  the  valley 
deposits  ;  and  these  on  too  large  a  scale  to  be  the  result  of  mere 
rainwash  and  trail.  It  is  true  that  mammalian  remains  are  absent, 
^^ether  with  all  traces  of  contemporary  mollusca,  and  fragments 
of  chalk  and  oolitic  limestones,  but  in  this  respect  these  high- 
level  deposits  differ  not  at  all  from  the  more  elevated  beds  of 
acknowledged  River  Drift ;  the  absence  of  calcareous  material 
^ing  due,  no  doubt,  in  both  cases,  to  the  same  cause,  viz.,  their 
long  exposure  to  decalcification  by  meteoric  waters.  Palaeolithic 
implements,  though  scarce,  are  not  unknown  in  some  of  the  lower 
spreads.t  The  chief  distinction  between  the  plateau  and  the 
valley  drifts  appears  to  lie  in  the  greater  abundance  in  the 
former  of  the  fragments  of  siliceous  rocks  foreign  to  the  Thames 
basin.  This  contrast  is  less  marked  in  the  Chalk  country  than  on 
the  older  terrains  farther  west,  but  even  here  the  proportion  of 
the  materials  referred  to  is  often  perceptibly  greater  in  the  higher 
<inft.  However,  whether  we  turn  our  attention  to  the  eastern 
<ievelopments,  or  to  the  western,  the  (in  all  respects)  transitional 
character  of  the  deposits  at  intermediate  elevations  compels  us  to 
""egard  the  drift  of  the  higher  plateaux  on  the  one  hand,  and  of 
the  lower  river  terraces  on  the  other,  as  the  extremes  of  a  series. 
Under  these  circumstances  we  are  fairly  eniiiled  to  ask  whether 
the  high-level,  plateau-forming,  gravelly  deposits  bordering  the 
^'Ppcr  courses  of  the  Thames  valley  are  not  just  as  much  the  work 
^f  fluviatile  agencies  as  the  River  Drift  itself. 

In  the  present  paper  I  hope  to  show  that  the  evidence  leaves 
^s  little  choice  but  to  answer  this  question  in  the  affirmative. 

II. 

In  the  foregoing  remarks  reference  has  been  made  to  the  pre- 

s^tice  in  the  Glacial  or  Plateau  gravel,  and  its  derivatives,  of  frag- 

5JJ^^ts  of  certain  siliceous  (quartzose)  rocks  not  exposed  in  the 

-■' «ames  basin.     These  materials,  which  comprise  pebbles  and 

***^all  worn  boulders  of  reddish,  brown,  and  grey  quartzites,  of 

.  !*Otk  the  High  Level  River  Drift  between  Han  well  and  Iver/'  vol.  xiv,  p.  165, 
'  ^ide  references  pven  Proe,  CeoL  Auoc^  vol.  xiv,  part  i  (1895X  PP*  >9  and  ao. 
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white  and  coloured  vein  quarts,  of  yellow,  brown,  and  red  grits 
and  sandstones,  often  micaceous  and  felspathic,  of  dark  horn- 
stone,  lydian  stone,  dark  radiolarian  chert,  encnnital  chert  (Car- 
boniferous) and  jasper,  and,  less  commonly,  of  igneous  rocks  are, 
in  point  of  interest,  and  also  often  of  numbers,  the  most  impor- 
tant constituents  of  this  drift* 

Abundant  in  deposits  at  all  levels  they  seem  to  be  most 
numerous,  and  to  attain  their  largest  average  individual  dimen- 
sions, in  the  higher  plateaux  in  particular,  and  the  more  western 
developments  in  general.  Though  some  of  these  materials — viz., 
the  smaller  pebbles  of  vein  quartz,  jasper,  and  lydian  stone — are 
found  in  the  still  older  Westleton  Gravel  of  the  region,  the  great 
bulk  of  them  make  their  first  appearance  in  notable  quantity  in  the 
Plateau  Gravel,  and  in  the  beds  of  similar  character,  at  about  the 
same  general  horizon,  which  underlie  the  Chalky  Boulder  Clay  in 
Herts  and  Essex.  There  is,  therefore,  some  reason  to  think  that 
their  introduction  was  effected  by  the  agencies  to  which  the  said 
deposits  owe  their  existence. 

It  is  generally  admitted  that  the  source  of  much  of  this  foreign 
debris  is  to  be  found  in  the  Lower  Triassic  rocks  of  the  Mid- 
lands— the  quartzite  pebbles,  in  particular,  possessing  all  the 
features  characterising  those  which  bulk  so  largely  in  the  compo- 
sition of  the  Bunter  Beds. 

The  earliest  general  accounts  of  the  distribution  of  these 
quartzose  materials  in  the  basin  of  the  Thames  are  those  given 
by  Dean  Buckland,  in  a  paper  dealing  with  the  "  Quartz  Rock  of 
Lickey  Hill  in  Worcestershire,"  published  in  the  Trans,  GeoL  Soc, 
in  1 82 1,  and  in  his  celebrated  work,  Reliquia  DiluviancB^  in  1823. 
In  the  latter  he  remarkst  that  "  the  New  Red  Sandstone  forma- 
tion in  the  central  parts  of  England  contains  an  enormous  deposit 
of  pebbles  of  compact  granular  quartz  [quartzite],"  quantities  of 
which  have  been  dispersed  over  adjacent  districts  and  mixed  with 
fragments  of  other  rocks,  both  older  and  younger  than  the  New 
Red  Sandstone. 

He  traces  these  materials  from  their  home,  southward  across 
the  Lias,  and  thence,  over  the  watershed  of  the  Severn  and 
Thames,  through  the  gap  in  the  Oolite  escarpment  in  the  Cottes- 
wolds  between  Shipston  and  Moreton-in-the-Marsh,  and  down 
the  valley  of  the  Evenlode  to  the  junction  of  that  stream  with  the 
Thames,  near  Ensham.  A  second,  and  independent,  stream 
of  debris,  confluent  with  the  first  near  Oxford,  is  traced  through 
the  depression  in  the  Oolite  escarpment  by  Fenny  Compton,  and 
down  the  valley  of  the  Cherwell.  Having  passed  into  the 
country  round  Oxford,  "these  quartzose  pebbles,"  says  Dr. 
Buckland,  "  have  been  forced  onwards,  and  mixed  up  with  the 

•  For  detailed  descriptions  of  these  stones  see  H.  W.  Monckion  "  On  the  Occurrence  o< 
Boulders  and  Pebbles  from  the  GlaciiU  Drift  in  Gravels  South  of  the  Thames/'  Qumrt, 
Journ.  GcoL  Soc.,  vol.  xlix,  1893. 

t  P.  249. 
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gravelly  wreck  of  the  neighbouring  hills  in  each  successive  district 
along  the  line  of  the  Thames,  from  the  vale  of  Oxford  downr 
wards  to  the  gravel  beds  of  London ;  their  quantity 
decreasing  with  the  distance  from  their  source.  .  .  ."*  He  notes 
that,  although  they  follow  the  courses  of  the  above-named  streams, 
the  gravels  thus  formed  are  not  confined  to  the  valleys,  but  spread 
over  the  adjoining  elevated  plains,  and  cap  hills,  such  as  those  of 
W^ychwood  Forest,  Witham  Hill,  Cumnor  Hill,  and  the  chalky 
summits  near  Henley. 

In  a  paper   "On  the  Physical  Geography  and  Pleistocene 

Phenomena  of  the  Cotteswold  Hills,"t  published  some  thirty 

years  later,   Professor  E.    Hull   deals  with  a  portion   of  these 

deposits  in  the  north-western  quarter  of  the  Thames  area,  under 

U^e  title  of  "  Northern  Drift,"  and  supports  the  views  expressed  by 

^^^Icland  with  respect  to  the  sources  from  which  the  quartzites, 

jS^ts,  etc.,  have  been  derived.     He  remarks  J  that  this  drift  "  has 

^^d^ntly  been  carried  along  the  Moreton  valley  and  swept  over 

^"e  l>igh  ground  to  the  south";  and  he  shows  that  it  extends  over 

a  ^ider  area  on  the  eastern  flank  of  the  Co ttes wolds  than  is  indi- 

J^^^cl  in  Buckland's  account — occurring,  in  scattered  patches,  as 

^    South  as  Cirencester.     He  notes,  also,§  that  the  transported 

^^^^ents  diminish  numerically  the  farther  south  we  proceed  from 

^"^     Moreton  valley. 

jt  n  1869  a  further  contribution  to  our  knowledge  of  the  com- 
P^i^ion  and  distribution  of  the  quartzite- bearing  drift  of  the 
^**^^  district  was  furnished  by  Mr.  W.  C.  Lucy,  in  a  valuable  paper 
*^«^  the  Gravels  of  the  Severn,  Avon,  and  Evenlode,  and  their 
Ext:^nsion  over  the  Cotteswold  Hills."  |  In  this  work  the 
physical  characters  of  the  coarser  drifts  of  the  northern  Cottes- 
^^^<:is  are  described  in  considerable  detail,  and  the  various 
deposits  are  indicated  on  an  accompanying  map.  In  the  latter, 
the  Northern  Drift  of  the  Severn  and  Avon  valleys  is  shown  to 
follow  the  course  through  the  breach  in  the  Oolite  range  at  Moreton 
into  the  drainage  area  of  the  Thames,  which  is  indicated  by 
previous  writers  on  the  subject,  except  that,  in  addition  to  the 
"^^'^  mass  following  the  valley  of  the  Evenlode,  a  second  train 
PJ^^^Ues  that  of  the  Windrush,  whose  head-waters  adjoin  those  of 
^w  Evenlode,  and  there  are  a  few  small,  disconnected,  patches 
"^^^^ed  to  the  south  of  these. 

.     The  watershed  of  the  Severn  and  Thames  is  about  420  feet 

a  ove    sea-level  in   the  gap  at    Moreton,  but  the  gravels  with 

i^^sic  debris  are  stated  to  occur  in  terraces  up  to  an  elevation 

«^5o  feet  O.D.  (their  maximum  height  on  the  Cotteswolds)  near 

^^~on-the-Wold  and  Chipping  Norton,  on  either  side  of  that 


*  Reliquia  Diiut'tatut,  p.  252. 

t  Quart,  foum.  GcoL  Soc.f  vol.  xi,  p.  477. 

O^.  cit.f  p.  494. 

Lac  cit. 
U  Proc.  CotUswold  Naturalists^  FUUClub^  vol.  v,  p.  71. 
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valley.  Mr.  Lucy  bears  witness  to  the  great  abundance  of  this 
Northern  Drift  in,  and  on  the  heights  adjacent  to,  the  vales  of 
Moreton  and  Evenlode ;  and  he  also  notes  the  coarseness  and 
large  variety  of  its  constituent  rock-fragments,  which  seem, 
indeed,  to  be  the  sweepings  of  the  midland  and  western 
counties. 

The  three  independent  accounts  I  have  briefly  abstracted 
leave  little  doubt  that  the  quartzose  materials  from  the  Trias  and 
older  rocks  of  the  Severn  basin,  which  distinguish  the  Plateau  or 
Northern  Drift  gravel  and  its  derivatives  in  the  north-western 
quarter  of  the  Thames  area,  have  been  transported  through  the 
depressions  or  gaps  in  the  great  escarpment  of  the  Inferior  Oolite 
at  the  heads  of  the  valleys  of  the  Evenlode  and  Windrush,  near 
Moreton,  and  of  the  Cherwell  near  Banbury,  and  spread,  together 
with  post-Liassic  detritus  from  local  sources,  over  the  country  to 
the  south  and  south-east  along  the  courses  of  those  streams,  down 
to  their  junction  with  the  Thames  in  the  "Vale  of  Oxford,** 
where  the  distinct  trains  coalesce  to  form  the  high  level  deposits 
which  border  the  valley  of  that  river.  In  the  words  of  Dr.  Buck- 
land,  ".  .  .  .  the  quartzose  pebbles  are  scattered  in  an  almost 
uninterrupted  line,  marking  distinctly  the  course  by  which  they 
have  been  propelled  from  Warwickshire  into  the  valley  of  the 
Thames."*     [See  sketch  map,  Plate  VII.] 

Now  the  distribution  of  these  materials  has  a  most  important 
bearing  on  the  history  of  the  Plateau  Gravel  bordering  the  valley 
of  the  Upper  Thames,  for  it  goes  far  towards  proving  that  the 
formative  agencies  of  the  latter  proceeded  in  the  same  direction, 
and,  to  a  great  extent,  along  much  the  same  lines,  as  the  existing 
drainage  in  the  region  involved.  I  shall  deal  with  this  point  at 
a  later  stage  of  this  paper.  It  is  clear,  however,  from  the  fore- 
going remarks,  that  in  discussing  the  origin  of  the  doubtful  deposits 
in  the  vicinity  of  the  Thames,  some  account  must  be  taken  of 
the  analogous  drift  phenomena  presented  by  a  more  extensive 
area. 

III. 

As  I  have  already  stated,  there  is  much  diversity  in  the 
opinions  expressed  by  different  authors  at  various  times  with 
regard  to  the  mode  of  formation  of  this  high  level,  quartzite- 
bearing  gravel.  This  want  of  agreement  must,  I  think,  be 
ascribed  less  to  any  abnormalities  it  exhibits  than  to  the  changing 
conceptions  of  geologists  as  a  whole  with  respect  to  the  relative 
importance  and  the  capabilities  of  the  various  physical  agencies 
of  erosion,  transportation,  and  deposition  in  operation  in  the 
past  Perhaps  the  best  way  to  deal  with  the  question  will  be  to 
give  a  short  rhume  of  the  more  relevant  views  put  forward,  and 
to  state  the  objections  to  which  they  appear  to  be  open. 

•  Reliq,  Diluv.t  p.  353, 
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Dr.  Buckland*  clearly  recognised  the  closeness  of  the  con- 
nection existing  between  the  courses  of  the  rivers  Evenlode, 
Cherwell,  and  Thames,  and  the  gravels  with  red  quartzites,  grits, 
etc.;  and  remarked  that  the  occurrence  of  the  latter  on   the 
plains  and  summits  of  the  hills  adjoining  those  streams  tended  to 
prove  that  their  transportation  and  spreading  out  were  accom- 
plished, in  the  main,  previously  to  the  excavation  of  the  valleys. 
He  even  went  so  far  as  to  suggest  that  the  transportation  of  the 
fore^^n  debris  and  the  excavation  of  the  valleys  was  effected  by 
^e  and  the  same  agency.    At  a  time  when  the  powers  of  existing 
c^ctritive  agencies  were  greatly  under-estimated,  it  is  not  surprising 
^^t  even  so  keen  an  observer  as  Buckland  should  have  found 
^'le  facts  of  distribution  and  association  inexplicable,  except  on 
*^5Wnption  that  a  deluge  had,  at  no  very  remote  date,  swept 
^^^'oss  the  country  from  north  to  south,  scattering   the   debris 
^^  one  district  over  another,  and  then  cutting  out  the  valleys  to 
nearly  their  present  depth.     Although  the  Deluge,  as  an  agency 
^^  erosion  and  transportation,  still  has  its  supporters,  it  is  hardly 
'iecessary,  at  this  date,  to  point  out  the  many  serious  objections 
^faich  may  be  urged  against  the  above  explanation.     Until  the 
*'8Uniients  of  the  modem  supporters  of  the  diluvian  hypothesis 
^^siinae  a  more  tangible  shape,  geologists  of  the  ** orthodox"  school 
^^y  well  be  excused  the  labour  involved  in  answering  them. 

Prof.  Hullf  regarded  the  quartzite-bearing  gravel,  and  its 
??^Ociated  sands  and  clays  (**  Northern  Drift "),  of  the  northern 
^^ttcswolds  as  a  marine  formation  belonging  to  the  Glacial  epoch, 
^'^^  attributed  the  transportation  of  the  coarser  material  to  the 
^^^On  of  floating  ice  during  a  partial  submergence  of  that  district. 
_*  Oo  evidence  brought  forward  lends  little  support  to  this  view, 
^l^^irever.  There  is  nothing  in  the  character  or  position  of  the 
^*^^r  drills  of  the  area  which  can  be  said  to  point  distinctly  to  a 
J^^'^rnergence  such  as  Prof.  Hull  supposed.  He  admits  that  he 
not  succeeded  in  finding  remains  of  marine  organisms  ;  but 
^he  value  of  such  negative  evidence  is  small,  it  may  be  passed 


*The  chief  objection  appears  to  lie  in  the  limited  distribution 

^lie  Northern  Drift     Unless  the  submergence,  during  which 

deposits  are  presumed  to  have  been  spread  out,  was  of 

mely  local  character,  affecting  a  moderately  small  area  of 

^^^  Cotteswold  country  (which  the  amount  of  vertical  displace- 

t  involved  renders  incredible),  it  is  hard  to  see  why  the  fioat- 

ice,  which  could  drop  part  of  its  burden  at  elevations  of  over 

feet  O.D.   near  Stow-on-the-Wold  and  Chipping  Norton, 

^Viouij  have  failed  to  scatter  the  remainder  over  a  far  wider  area 

9^  the  lower  ground,  to  the  south  and  south-east,  than  the  deposits 

^^  question  actually  occupy.     The  tendency  to  follow  the  valleys 

•  C/.  cii, 
t  O^,  cii. 
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of  the  Streams  heading  in  the  vale  of  Moreton  manifested  by  the 
more  important  masses  of  this  drift  is  quite  at  variance  with  the 
marine-glacial  origin  ascribed  to  them.  This  objection  would, 
however,  have  seemed  to  have  possessed  little  force  to  one  who 
believed— as  Prof.  Hull  then  did — that  all  the  valleys  of  the 
Cotteswolds  were  "entirely  due  to  marine  agency  acting  at 
several  successive  periods "  ;•  and  that  the  low-level  deposits 
with  mammalian  remains  of  those  valleys  were  estuarine  ! 

Mr.  Lucy,  whose  views  with  respect  to  the  initial  transporting 
agency  operative  in  the  case  of  the  Northern  Drift  deposits  ot  the 
Cotteswolds  are  very  similar  to  those  expressed  by  Prof.  Hull,  seeks 
to  explaint  their  present  restriction  to  the  larger  valleys  and  the 
heights  adjacent  thereto  as  the  result  of  later  glaciation  by  land 
ice,  which,  he  thinks,  swept  the  earlier  marine  drift  down  from 
the  higher  ground.  But  even  though  it  be  granted  that  land  ice 
operated  in  the  manner  here  suggested,  we  have  still  to  account 
for  the  concentration  of  the  drift  (to  which  Mr.  Lucy's  own  map 
bears  witness)  in  two  or  three  of  the  many  valleys  which  furrow 
the  dip  slope  of  the  Lower  Oolites  in  this  region. 

However,  the  evidence  advanced  in  favour  of  such  glaciation 
is  extremely  slight  and  indirect.  Boulder  Clay  is  absent ;  and  the 
numerous  sections  of  the  gravelly  drift  described  and  figured  by 
Mr.  Lucy  all  exhibit  the  regular  and  orderly  stratification  and 
alternation  of  finer  and  coarser  material  which  are  so  common  a 
feature  of  the  thicker  deposits  in  this,  and  other,  more  eastern, 
portions  of  the  Thames  basin,  and  which  are  far  more  suggestive 
of  the  action  of  running  water  than  of  land  ice. 

In  his  well-known  work.  The  Geology  of  Oxford  and  the 
Valley  of  the  Thames^  Prof.  J.  Phillips  adopts  a  more  cautious 
attitude  than  the  authors  whose  opinions  I  have  cited  j  and  points 
out  that  the  phenomena  are  not,  on  the  whole,  consistent  with 
the  marine  origin  advocated  by  them. 

He  considers  that  the  "  actual  distribution  "  of  the  materials 
composing  the  high  level  gravelly  drift  (or  "  Hill  Gravel ")  near 
the  valley  of  the  Upper  Thames,  "  is  due  to  watery  movement  on 
the  surface  where  they  rest";  and  remarks  that  "  the  sudden 
changes  of  level,  and  nature  of  the  materials  of  these  deposits 
in  particular  limited  and  especially  high  situations  .  .  .  give 
occasion  for  the  opinion  that  something  of  ice  action  and 
currents,  less  continuous  than  ordinary  streams,  and  less  ex- 
panded than  lake  fluctuations  or  tidal  swellings,  must  be  called 
in  to  account  for  these  facts."J 

A  more  definite  hypothesis  is  that  advanced  by  the  late  Sir 
Joseph  Prestwich,  in  that  remarkable  and  suggestive  series  of 
papers   **  On  the  Relation  of  the  Westleton   Beds,   etc.,  etc.,"§ 

•  op.  cit.  p.  484. 

t  Op.  cit, 

t  P.  462. 

§  Quart.  Jonm.  Geoi.  Soc.^  vol.  xlvi(i89o). 
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what  he  attributes  the  formation  of  this  drift  with  the  Triassic 
pebbles  to  the  action  of  a  "  glacial  current "  trending  from  the 
direction  of  Warwickshire  and  Staffordshire.     He,  unfortunately^ 
does  not  state  the  precise  nature  of  the  supposed  current ;  but 
as  he  considers  the  resultant,  and  now  isolated  and  widely 
separated  deposits,  such  as  those  capping  the  Forest  Marble  and 
Great  Oolite  in   the  ;hills    of  Wychwood  Forest,  near  Witney, 
the    Coralline  Oolite  at   Foxcombe  and  Wytluun   Hills,   near 
Oxford,  and  the  Chalk  heights  above  Goring,  to  be  the  remains 
of  a  once  continuous  spread,  laid  down  at  a  time  when  the  inter- 
irening  valleys  were  "  bridged  over  by  a  flooring  of  Cretaceous 
and  Jurassic  Strata,"*  we  gather  that  the  said  current  was  not  of 
such  a  kind,  or  of  so  late  a  date,  as   to  necessitate  the  co- 
existence of  marine  conditions.       It  is,  indeed,  credited  with 
erosive  powers  of  a  kind  that  we  should  ordinarily  associate  with 
a  river,  for  to  its  agency  Prestwich  ascribes  the  initiation  of  the 
•breach  in  the  Chalk  escarpment  known  as  the  "  Goring  Gorge." 
-^e  is  careful,  however,  to  distinguish  between  the  work  of  this 
Sf^cial  current  and  that  of  the  River  Thames,  which,  he  thinks, 
*^«ci  not  occupy  the  gorge  until  a  much  later  date :  and  his  re- 
^^^^ks  on   this  important    point    require  careful  consideration. 
"^^^    statest  that  the  River  Thames  must  have  been,  at  first,  re- 
^^*^oted  to  the  Tertiary  and  Chalk  basin  "  with  the  Kennet  .  .  . 
^?     xnain  stream  and  source  of  the  river,"  and  that  the  Upper 
^_^^ines,  or  Isis,  then  probably  flowed  to  the  north-east,  pandlel 
^uid  between,  the  Chalk  and  Oolite  escarpments,  and  emptied 
^  i  into  the  Wash,  on  the  east  coast — the  unification  of  the  two 
nage  systems  only  taking  place  when  the  Goring  Gorge,  which 
b^n  commenced  by  the  glacial  current,  had  been  cut  out  to 
a  depth  by  later  glaciation,  aided  by  disturbances  of  strata, 
induce  the  Isis  to  abandon  its  older  course  and  to  effect  a 
ion  with  the  Kennet-Thames. 
This  suggestion,  which  has  always  seemed  to  me  to  be  some- 
t  extravagant,  is  open  to  other  serious  objections. 
In  the  first  place,  there  is  very  good  reason  to  think  that  the 
^^h-westem  glacial  current,  or  the  agency  distinguished  by  that 
whose  field  of  operations  was  a  restricted  one,  followed  some 
isting  depression  when  it  crossed  the  outcrop  of  the  Chalk, 
^^^atever  its  nature,  and  however  slightly  defined,  this  depression 
St  still  have  been  deeper  and  more  pronounced  than  any  other 
'^he  neighbourhood  ;  for  it  is  unlikely  that  the  said  current  would 
"Ve  followed  it  had  an  easier  route  lain  open.      Supposing  such 
"^'^alley  to  have  existed,  it  is  extremely  hard  to  see  why  the  Isis 
^Duld  not  at  once  have  taken  advantage  of  the  channel  resulting 
m  its  deeper  erosion  by  the  glacial  current. 
Then,  if  the  basins  of  the  Isis  and  the  Kennet-Thames  were 

•  O^,  cit.t  part  ii.,  p.  150. 
t  lbid.t  p.  177. 

August,  1897.]  la 


l66    OSBORNE  WHITE  ON  THE  ORIGIN  OF  THE  HIGH-LEVEL 

indeM  originally  separate  and  distinct,  it  is  difficult,  with  the 
physiographical  features  of  the  district  in  view,  to  see  in  what 
way  they  could  have  ever  become  united.  Prestwich's  suggested 
explanation,  that  the  effectual  breaching  of  the  Chalk  escarpment 
was  due  to  '*  later  glaciation ''  (as  distinguished  from  the  work  of 
the  earlier  glacial  current),  and  earth  movements  is,  at  best,  un- 
satisfactory. What  form  of  glaciation  was  it  that  carved  out  that 
steepest  220  feet*  of  the  Goring  Gorge?  This  narrow  breach 
cannot  be  attributed  to  lateral  erosion  of  the  Isis ;  nor  can  we 
reasonably  suppose  it  to  have  been  formed  by  the  recession  of 
the  head  springs  of  some  tributary  of  the  Kennet;  for,  even 
though  we  accept  the  doubtful  principle  involved  in  the  latter 
alternative  (viz.,  that  of  escarpment-breaching  by  the  headward 
erosion  of  a  stream  following  the  dip  slope), t  it  is  inconceivable 
that  so  short  and  insignificant  a  stream,  as  this  must  necessarily 
have  been,  could  have  cut  back  its  valley  through  the  Chalk  ridge 
of  the  watershed  so  rapidly  as  to  cause  the  diversion  of  the  stronger 
Isis,  which  had  established  its  course  to  the  sea  along  the  outcrop 
of  the  easily  eroded  beds  of  Upper  Jurassic  and  Cretaceous  age. 

Moreover,  as  Dr.  J.  W.  Gregory  has  pointed  out,  J  such 
evidence  as  we  possess  is  opposed  to  the  view  that  the  Upper 
Thames,  or  Isis,  ever  flowed  north-eastward,  up  the  longitudinal 
valley  of  the  south-westward  flowing  Thame,  across  the  watershed, 
and  down  the  Ouse  into  the  Wash.  The  great  irregularity  and 
sinuous  course  of  the  Thame-Ouse  watershed  "renders  it  very 
improbable  that  it  could  have  been  formed  by  a  line  of  elevation 
which  broke  across  the  former  course  of  a  river.  Further,  the 
only  way  in  which  the  Tharhe  could  have  surmounted  the 
barrier  would  have  been  by  its  waters  having  stood  at  a  higher 
level ;  there  is  no  evidence  of  any  great  lake  which  discharged  to 
the  north,  or  of  movements  of  the  country  which  have  since 
lowered  the  valley  of  the  Thame."§ 

It  seems  much  simpler  and  more  consistent  to  regard  the 
Goring  Gorge,  as  Dr.  Gregory  does,  as  one  of  the  series  of 
parallel,  transverse,  north-west  to  south-east  valleys — such  as  those 
of  the  rivers  Loudwater,  Misbourn,  Bulbourne  and  Lea — inter- 
secting the  Chilterns,  which  have  been  formed  by  the  streams 
occupying  them  at  the  present  time.{| 

The  authors  of  most  of  the  later  works  dealing  directly  with 
the  high-level  quartzose  gravel,  and  associated  sands,  in  the  neigh- 
bourhood of  the  Thames  have  been  content  to  regard  such 

•'P^.  cii.t  p.  149,  diagram.  ^ 

t  "  II  paraft  en  eflfet  impossible  d'admettre,  et  cette  observation  est  general,  qu'on  oours 
d'eau  qui  se  forme  sur  une  pente  termin^e  par  un  escarpment  puisse  prolonser  sa  vallte 
jusqu'Si  sa  rencontre  avec  la  cr^te,  parce  que,  au  fur  et  ^  mesure  qu'il  s'en  rapprocne,  la  sur&oe     3 

3iui  Valimente  diminue  et  se  r^duit  a  z6ro  dans  la  voisinage  de  la  cr€te."   J.  ae  la  No£  and  K.     . 
Ic  Mareerie,  in  Let  Fomut  du  Terrain  (1888),  p.  136. 

t  "The  Evolution  of  the  Thames,"  Natural  Science  ^  vol.  v,  August,  1894,  p.  97. 
§  Ibid.^  p.  lo:^. 

11  Vide  alw  Whitaker,  "  Report  of  Excursion  to  Goring,"  May  95th,  1895,  Pr^c.  Gtri^^^ 
Assoc,,  vol.  xiv,  p.  175. 
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deposits  as  Glacial  (more  or  less  in  Mr.  Whitaker's  sense  of  the 
term)  without  raising  any  question  as  to  their  mode  of  forma- 
tion ;  but  while  their  resemblance  to  the  river  drifts,  and  the 
difficulty  of  separating  them  from  the  latter,  have  been  remarked 
by  Mr.  Whitaker,*  as  I  have  already  mentioned,  by  Messrs.  H. 
B.  Woodward, t  Monckton,  J  Shrubsole,§  and,  rather  to  the  east 
of  our  district,  by  Mr.  Allen  Brown,  ||  there  has  been,  I  think, 
a  general  tendency  to  look  upon   them  as  marine,  or  as  the 
remodelled  relics  of  a  marine  formation->a  view  suggested  by  the 
wide  extent  of  ground  they  cover,  and  by  the  apparent  closeness 
of  their  relation  to  the  Middle  Glacial  Gravels  of  East  Anglia, 
which  have  yielded  marine  mollusca. 

Speaking  of  the  Glacial  Gravel  of  the  north-western  Chilterns, 
Dr.  Gregory,  in  his  very  instructive  paper  on  "  The  Evolution  of 
the  Thames,"  remarks :  "  There  is  no  Boulder  Clay  in  this  im- 
mediate district,  but  the  gravels,  though  somewhat  different  in 
composition,  appear  to  be  continuous  with  those  which  pass 
under  this  deposit  further  east.  They  are,  therefore,  earlier  than 
the  Boulder  Clay.  Though  marked  "  [on  the  Geological  Survey 
Map,  Sheets  7  and  13]  "as  *  Glacial,'  no  one  would  be  likely  to 
mabtain  that  they  are  glacial  in  the  same  sense  as  is  the  Boulder 
Clay.  They  are  certainly  due  to  water  action  in  some  form, 
instead  of  to  the  direct  agency  of  ice  like  a  moraine."1I  Dr. 
Gregory  is  inclined  to  believe  that  these  gravels,  which  he 
distinguishes  as  "  Newer  Plateau  Gravels,"  were  spread  out  on  a 
plain  of  denudation ;  but  the  frequent  rapid  variations  of  level 
exhibited  by  the  component  masses  seem  to  show  that  they  could 
never  have  been  united  in  one  practically  continuous  sheet. 

In  a  paper  "  On  the  Distribution  and  Relations  of  the  West- 

leton  and  Glacial  Gravels  in    Parts   of  Oxfordshire  and  Berk- 

shire,"**  read  before  this  Association  in  1894, 1  remarked  that  the 

^'^  phenomena  of  the  country  bordering  the  Thames  between 

weatley  and  Cookham  seemed  to  me  "  to  point  very  distinctly  to 

^**^  conclusion  that,   whatever  may  have  been   the  conditions 

under  which   the  red  quartzites  and  other  foreign  rocks  were 

'ntroduced  into  this  area,  the  spreading  out  of  the  product  of 

*n^  .'iiixture  with  local    materials — which    is  known    as    the 

*acial  Gravel ' — was  accomplished  by  fluviatile  agency,"tt  and 

^^'^deavoured  to  show  that  the  evidence  was,  on  the  whole, 

J.  ^"^Sly  in  favour  of  the  view  that  the  plateau-like  deposits  of 

f        ^rift  occurring  on  both  sides  of  the  Thames,  are  terraces 

^^ed  by  that  river  during  the  early  stages  of  valley  excavation. 

t  yi'  <'*  I  pp.  300. 30T. 

t  q2«  Ctfilagjt  c/ England  and  Wales  (Ed.  2nd),  p.  506. 

I  ««Y^  '^*  Vadley  Gravels  about  ReadiuR,"  Quart.  Joum.  Geol.  Soc.^  vol.  xlvi,  p.  58a. 
^n  the  High  Level  River  Drift   between   Hanwell  and  Iver,"  Proc.  Geol.  Assoc. ^ 
\  t>  "^^l-  «vi  p.  153. 


'^•''•f.  Ctoi,  Assoe.t  vol  xiv,  Part  I. 
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The  limited  scope  of  my  paper,  and  a  want  of  personal  acquaint- 
ance with  the  gravels  farther  west,  prevented  me  from  suggesting 
that  the  similar  deposits  in  corresponding  situations  near  Oxford, 
and  other  localities  higher  up  the  Thames  Valley,  had  been  formed 
in  the  same  manner,  though  I  saw  that  this  would  be  the  logical 
sequel  to  the  views  I  had  expressed.  Sharing,  moreover,  the  pre- 
valent opinion  (supported  by  Dr.  Gregory  in  the  work  I  have 
referred  to  above*)  that  the  drainage  system  of  the  Upper  Thames 
had  always  been  confined,  as  it  now  is,  to  terrains  of  Jurassic  and 
later  age,  I  felt  great  difficulty  in  accounting  for  the  presence 
therein  of  Triassic  debris  by  any  purely  fluviatile  hypothesis. 
The  operation  of  some  other  agency  seemed  to  be  required  to 
effect  its  transportation  across  the  western  watershed  in  the  first 
instance. 

IV. 

Much  light,  however,  has  been  indirectly  thrown  upon  this 
problem  by  Prof.  W.  M.  Davis,  of  Harvard  University,  in  his 
admirable  paper  on  ''The  Development  of  Certain  English 
Rivers."  published  in  the  fifth  volume  of  The  Geographical 
Tournal  (1895).  In  this  work — distinguished  for  its  acumeni  its 
suggestiveness,  and  for  the  valuable  comprehensive  technical 
terms  it  introduces — the  author  shows  how  the  application  of 
certain  principles  of  river  adjustment,  which  seem  to  have  met 
with  more  general  recognition  on  the  Continent  and  in  the  United 
States  than  in  our  islands,  leads  one  to  form  most  interesting  and 
important  conclusions  touching  the  history  and  relations  of  the 
streams  draining  the  Midland  and  Eastern  counties  of  England. 
In  the  case  of  the  Thames,  the  conclusions  reached  have  such 
an  important  bearing  on  the  subject  under  discussion  that  it  is 
necessary  to  give  some  account  of  them  here.  To  this  end  I 
proceed  to  quote  some  of  Prof.  Davis'  remarks  : 

"Of  all  the  river  contests  in  England,  that  by  which  the 
Thames  system  has  been  shorn  of  its  original  importance  is  the 
most  interesting.  .  .  .  [The  Severn]  gathers  a  great  drainage 
from  Wales  that  used  to  go  to  the  western  branches  of  the 
Thames  system ;  the  Warwick  Avon  still  further  shortens  these 
branches  ;  while  the  Trent  and  the  Bedford  Ouse  carry  away  the 
heads  of  many  original  northern  branches.  Only  the  southern 
branches  of  the  Thames,  draining  the  northern  slope  of  the  dome 
of  the  Weald,  retain  anything  like  their  original  extension. 

The  longitudinal  axis  of  the  Thames  system,  following  an 
eastward-dipping  synclinal  trough,  now  heads  in  the  Kennet  by 
Marlborough.  .  .  .  Running  generally  south-eastward  into  this 
trough,  from  the  slope  on  its  northern  side,  there  should  be,  if  no 
adjustments  had  taken  place,  a  number  of  long  consequent 
streams,  heading  at  least  as  far  westward  as  the  Mesozoic  strata 

*  Natural  Scitnct^  vol.  v,  August,  1894. 
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Wretched,  and  possibly  rising  in  extended  streams  from  such 

P^rts  of  the  Welsh  highlands  as  were  not  submerged  and  buried 

bjthe  Chalk.     There  is  much  probability  that  such  streams  once 

existed ;  but  now  nearly  all  of  them  have  been  broken  into  three 

parts  by  the  growth  of  subsequent  streams  along  the  New  Red 

^d    the  Middle   Oolite.  .  .  .  The  Thames  from   Reading    to 

Oxford,  and  the  Cherwell  or  the  Evenlode  above  Oxford,  makes 

f^  longest  remaining  part  of  an  initial  consequent  stream ;  and 

^'  >s    interesting  to  notice  that  these  two  upper  streams  still 

^^Ti  a  moderate  area  of  Lias  country  beyond  the  Oolitic  upland, 

*ncl     between    the    competing    headwaters   of   the    subsequent 

Wai-^ick  Avon  on  the  west,  Bedford  Ouse  on  the  east,  and  Trent 

on  th^  north.  This  is  precisely  the  region  where  the  longest  remain- 

^i  I>arts  of  the  initial  consequent  streams  should  be  expected ; 

•  •   •    Whether  the  upper  Severn  represents  the  original  head- 

^^^'^^m  of  the  Cherwell  or  of   the   Evenlode  is  a  matter  for 

^^Ulation  rather  than  for  demonstration.      South-east  of  the 

^li^e  margin,  the  upper  Ray  on  the  east  of  Oxford,  and  the 

•^^^cirush.  Coin,  Chum,  and  Swill  on  the  west,  are  short  medial 

P^*"^^  of  consequent  streams  which  have  lost  their  heads  by  the 

'^^^^cssful  growth  of  the  Ouse  and  the  Avon.  .  .  ."• 

The  justice  of  Professor  Davis'  conclusions,  and  the 
?^«^dness  of  the  premises  on  which  they  are  based  will,  I  think, 
^.^^pparent  to  all  who  study  his  remarkable  paper. 

■I* he  admission  that  the  Thames  originally  received  the  drain- 
^8^  of  a  large  area  of  country  in  the  north-west,  whose  waters 
^^^^  accrue  to  the  Severn,  Ouse,  and  Avon,  not  only  removes 
?J^  initial  difficulty  of  accounting  for  the  introduction  of  the 
^^^^^ic  debris,  but  also  furnishes,  as  I  hope  to  show,  an 
^^"^*-emely  simple  and  consistent  explanation  of  the  structure  and 
°'^^«ibution  of  the  high-level  gravels  of  which  that  debris  forms 
^    important  a  constituent. 

l*rofessor  Davis  starts  with  the  assumption  that  the  eastward- 

^^"^^^ing  English  rivers  have  developed  from  streams  draining  a 

?^\*th-eastward  sloping  plain  of  denudation,  whose  formation  he 

*s  inclined  to  ascribe  to  sub-aerial  agencies  operating  during  an 

^^lier  cycle  of  river  development,  rather  than  to  the  horizontal 

at>rasion  of  the  sea,  favoured  by  the  British  school  of  physio- 

P^^phers.f      While  admitting   the   ability    of   the    atmospheric 

'gercies  to  produce  a  plain  (or  peneplain)  of  denudation  as  *^  the 

U^^itnate  result  of  the  valley-making  process,"  I  am  not  convinced 

^^  the  physiography  of  south-eastern  England  is  such  as  to  compel 

^o  assume  that  the  elevated  plain  (lowland),  out  of  which  the 

f  ^^nt  diversity  of  hill  and  vale  have  been  carved,  was  formed 

^^is  manner.     The  plateau-like  uplands  of  the  Oolite  and  the 

tioij  \p>^  a  comparison  of  the  views  of  British  and  foreign  authors  with  regard  to  the  forma* 
XW^^  plains  of  denudation,  vide  W.  M.  Davis  on  "  Plains  of  Marine  and  Sub-aerial 
^^ation."    BuU.  Ceol,  Soc.  America,  vol.  viL 
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Chalk,  which  Professor  Davis  regards  as  the  remnants  of  t 
peneplain^  are,  so  far  as  I  have  seen,  destitute  of  all  traces  of  I 
wide-spread  sheets  of  water-worn  detritus  in  which  an  area  so  ba 
levelled  must  assuredly  be  enveloped.  The  patches  of  Westlel 
Shingle  occurring  on  the  Chiltern  Hills,  at  a  general  level  soi 
what  lower  than  that  of  the  crest-line  of  this  range,  and  tracea 
as  far  west  as  Kingscfown,  near  Bath,*  are  the  only  deposits  wh 
could  possibly  be  referred  to  this  stage ;  but  both  the  str 
graphical  affinities  and  the  general  aspect  of  this  pebbly  d 
proclaim  its  origin  to  be  marine.  This,  however,  is  a  questi 
which  need  not  be  gone  into  here. 

Whatever  the  origin  of  this  plain  of  denudation,  there  can 
but  little  doubt  that  the  Mesozoic  strata  had  been  subjected 
a  considerable  amount  of  destruction  in  the  west  before  \ 
inception  of  the  existing  main  lines  of  N.W.  to  S.E.  draina 
We  have  abundant  evidence  of  this  in  the  position  and  co 
position  of  beds  dating  as  far  back  as  the  Eocene  period.f  H 
far  the  work  of  denudation  had  proceeded  we  cannot  say  w 
any  approach  to  exactitude,  but  it  seems  not  unreasonable 
infer  that,  while  the  Chalk  and  its  superincumbent  beds  may  s 
have  formed  the  greater  part  J  of  the  floor  of  the  plain,  1 
lower  members  of  the  Secondary  group  were  exposed 
a  considerable  extent  in  the  west.  In  this  case,  the  earli 
"consequent"  streams — such  as  those  represented  by  the  exist 
Evenlode  and  Cherwell — rising  in  the  Welsh  highlands,  .a 
running  thence  south-eastward,  with  the  dip  of  the  Second 
rocks,  must  have  traversed  the  outcrops  of  all  the  denuded  str 
in  succession,  from  the  oldest  upward,  carrying  the  debris  of  ' 
earlier  beds  on  to  the  later  \  so  that,  even  in  the  earliest  stag 
the  alluvium  occurring  in  the  beds  of  such  streams,  at  so 
distance  from  their  sources,  must  have  been  of  mixed  characte: 

In  course  of  time,  the  initial  streams,  whose  individual  cour 
were  determined  by  such  irregularities  and  deflections  of  surf 
as  existed  in  the  plain  of  denudation,  eroded  valleys  of  suita 
proportions,  thereby  giving  rise  to  a  second  set  of  streams  tri 
tary  to  the  first,  and  running  at  approximately  right  angles  then 
Le  y  parallel  to  the  strike  of  the  underlying  rocks.  With 
deepening  of  the  valleys  of  the  primary  transverse,  or  conseqw 
streams,  the  secondary  longitudinal,  or  "  subsequent "  streams 
first  insignificant,  increased  in  importance,  the  development  be 
most  rapid  in  the  case  (i)  of  those  following  the  outcrop  of  si 
soft  and  easily  eroded  beds  as  the  Trias,  Lias,  and  the  Oc 
clays,  and  (2)  of  those  feeding  the  stronger  consequent  strea 
By  the  quicker  destruction,  in  this  manner,  of  the  weaker  str 

•  Prcstwich,  Quart.  Joum.  Ctol.  Soc,  vol.  xlvi,  p.  143. 

t  Clemeni  Reid  on   "The  Eocene  Deposits  of  Dorset,'*    Quart,  J^nm,  Ge^L 
vol.  Hi. 

X  Ramsay  thinks  "the  whole."     Vidt  his  Physical  Geology  and  Gtogra^ky  ^C 
Britain^  sixth  edition  (1894),  p.  358  ;  and  Quart.  Joum,  Ceol,  Soc  ,  vol  xjcvtii  (1871),  p. 
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the  Outcropping  edges  of  the  stronger  {e,g.^  the  Oolite  Limestones 
^^  X\it  Chsdk)  were  gradually  developeid  into  more  or  less  marked 
csca.i*pinents,  which  were  cut  back  in  the  direction  of  the  dip  at 
rates  largely  dependent  on  the  amount  of  resistance  they  were 
^ole  to  offer  to  the  sub-aerial  agencies.*  The  recession  of  the 
^sca.rpraents  must  necessarily  have  resulted  in  the  destruction  of 
^uob  of  the  earliest  deposits  of  alluvium  spared  by  the  more 
^^''^ot  processes  of  detrition. 

By-and-by,  the  more  rapid  development  of  the  subsequent 

streams  feeding  the  stronger  consequents  led  them  to  encroach, 

^y  headward  erosion,  upon  the  drainage  area  of  those  attached 

^^  the  neighbouring  weaker  consequents,  and  eventually  to  de- 

^^pitate  the  weaker  consequents  themselves.     By  adjustments  of 

this    kind,  taking  place  along  the  outcrop  of  the  easily  eroded 

*  ■"ia.s  and  Lower  Lias,  the  headwaters  of  the  Evenlode,  Cher- 

^■^^11,  and  possibly  also  of  the  Windrush,  and  other,  lesser,  north- 

^^s^em  tributaries    of   the    Thames,   were    diverted,   and   the 

imj>ortance  of  the  drainage    system    of    the  last-named    river 

P*"oi3ortionately    reduced  ;    the   Warwick   Avon,    and     another 

sul:>3equent  stream  now  forming  the  lower  part  of  the  Severn, 

J^tit^ing  off  practically  the  whole  of  the  drainage  of  the  country 

*3^5^g  to  the  west  of  the  Oolite  escarpment  of  the  Cotteswold 

Mills.t     With  the  beheading  of  the  above-mentioned  important 

^^ri sequent  or  transverse  streams,  the  supply  of  debris  from  rocks 

"  ^^arlier  age  than  the  Lias,  which  they  had  hitherto  furnished, 

to  an  end.     And  the  volume  of  water  in  these  branch 

ms,  and,  therefore,  also  in  the  main  or  trunk  stream,  being 

tly  reduced,  the  width  of  the  channels  they  were  thereafter 

I  to  erode  was  correspondingly  diminished.     Of  later  changes 

adjustments  it  is  not  necessary  to  speak. 

Now  we  have  seen  that  the  high-level  quartzose  gravel,  and 

^sociated  finer  drifts,  bordering  the  Thames  Valley  follow  the 

^oiaisesof  the  rivers  Cherwell,  Evenlode,  and,  to  a  less  extent,  of  the 

*^*iidrush,  spreading  along  the  higher  slopes  of,  and  less  inclined 

plateaux  adjacent  to  their  valleys,  from  their  junction  with  the  main 

*^^3m  near  Oxford,  through  deep  gaps  in  the  Oolite  escarpment, 

yp  to  and  beyond  their  sources  on  the  Lias.     This  distribution  is, 

tK  *^^^^»  strongly  suggestive  of  some  fundamental  connection  with 

T^c  rivers  and  their  valleys — leading,  as  we  have  seen,  a  keen 

i^^^verj  in  the  preUniformitarian  days  to  speculate  on  the  pro- 

?^^nity  of  both  gravel  and  valleys  being  the  work  of  the  same 

/^^.     Its  full  significance,   however,  becomes  apparent  only 

'^^n  we  learn — bv  a  wholly  independent  course  of  reasoning — 


that 


-by  a  wholly  independent  course  of  reasoning- 
the  Cherwell,  Evenlode,  and  Windrush  are  precisely  those 


etc.*"  f^*^  ^'  ^*  Neve  Foster  and  W.  Topley  "On  the  Superficial  Deposits  of  the  Med  way, 

^  S^tart.Journ.  Gtol.  Soc.^  vol.  xxi  (1865),  p.  471. 
1^  tiZ     *  principle  here  involved  is  that  which   Mr.  Tukes-Browne  seeks  to  establish  in 
Ce0^*P«*"     ^^  '^*  Relative  Ages  of  Certain  River  Valleys  in  Lincolnshire,"  Quart.  Journ, 

i^  ^^Cm  vol  xxxix  (1883),  p.  598. 

*  J^.  BuckUiad. 
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transverse  consequent  streams  which  originally  drained  a  1arg< 
tract  of  country  where  the  parent  rocks  of  the  quartzites  anc 
grits  are  now,  and  have  long  been,  exposed  at  the  surface ;  anc 
in  whose  early  alluvium  we  should,  therefore,  expect  such  mate 
rials  to  occur.  Regarded  in  this  light,  the  occurrence  of  Triassic 
debris  in  and  near  to  the  valleys  of  these  north-western  affluents  o 
the  Thames  is  seen  to  be  perfectly  analogous  to  that  of  the  similai 
materials  in  the  gravels  which  border  the  River  Witham  to  th< 
east  of  Lincoln  ;*  or  to  that  of  the  Lower  Greensand  chert  in  th< 
dry,  beheaded  valley  of  Smitham  Bottom,  which  breaches  th< 
North  Downst  south  of  Croydon. 

There  are  other  important  facts  which  tend  to  confirm  the  vie? 
that  the  high-level  gravel  with  Triassic  debris  of  the  upper  part  o 
the  Thames  basin  was  formed  by  its  associated  streams,  at  earlie 
stages  of  their  development.  For  example,  we  find  that,  lik< 
those  streams,  the  gravel  attains  its  greatest  elevation  in  the  north 
west,  and  falls  away  south-eastward,  in  the  direction  of  the  dip  o 
the  underlying  rocks,  so  that  its  highest  deposits  on  the  Inferio: 
Oolite  of  the  Cotteswolds  are  at  a  greater  distance  above  sea-leve 
than  those  capping  the  great  Oolite  of  Wychwood  Forest,  am 
these,  in  turn,  higher  than  those  forming  the  highest  terrace 
on  the  Chalk  of  the  Chilterns.  Had  the  drift  been  of  mon 
wide-spread  occurrence  the  confirmatory  value  of  this  fact  wouk 
have  been  small ;  but  in  view  of  its  limited  distribution,  the  coin 
cidence  has  considerable  weight. 

We  notice,  too,  that  where  the  streams  intersect  the  bolde 
escarpments,  and  their  valleys  are  most  steep  and  contracted,  th< 
gravel  is  likewise  confined  within  narrower  and  sharper  limit 
than  elsewhere— this  feature  being  particularly  well-marked  in  th< 
case  of  the  Chalk  escarpment,  near  Goring. 

Then,  the  highest  deposits  in  any  given  portion  of  the  whol< 
area  are  commonly  found  just  within  such  escarpments ;  which  i 
precisely  the  place  where  we  should  look  for  the  oldest  rive 
deposits.]: 

The  quartzites  and  other  foreign  rock-fragments,  also,  an 
larger  and  more  abundant  in  the  west  than  in  the  east,  and  in  thi 
plateau  deposits  of  the  higher  and  gentler  slopes  than  in  th< 
terraces  on  the  lower,  steeper  slopes  of  the  valleys;  as  the; 
should  be  if  their  transportation  had  been  effected  in  the  manne 
suggested — the  diminution  in  size  and  numbers  to  the  eastward 
and  towards  lower  levels,  being  the  complement  of  their  increasin] 
distance  from  their  source,  in  the  former  case,  and  of  the  cessa 
tion  of  supply  consequent  on  changes  in  the  drainage,  in  th< 
latter. 

•  A.  J.  JFukcs-Brownc,  op.  ciV.,  p.  608. 

t  Pre»twich,<»^  c//.,  PP   i7»-»73- 

t  I  am  inclined  to  regard  the  pebbly  deposit  of  mixed  character  capping  the  Tertiary  oat 
lier  of  Sireatley  Hill  (550  CD.),  on  the  west  side  of  the  Goring  Gorge,  asm  relic  of  tlM 
oldest  river  terrace  of  the  district.    Vide  Proc,  GtoL  Assoc.  ^  vol.  xiv,  Part  I,  pp.  at,  ss. 
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When,  in  addition  to  these  facts,  we  call  to  mind  the  strati- 

^ed  character  of  this  gravel,  its  frequent  association  with  sands 

^nd  loam,  and  its  occurrence  in  the  form  of  plateau-like  terraces 

sat  varying  levels — the  lower  being  often  inseparable  from  the 

deposits  which  are  admitted  to  belong  to  the  River  Drift — it 

seems  almost  impossible  to  resist  the  conclusion  that,  despite  the 

^reat  elevation  it  attains  above  the  beds  of  the  neighbouring 

streams,   this    gravel    owes    its    existence    to  fluviatile  agency 

operating  along  the  same  general  lines  of  drainage  as  those  in 

existence  at  the  present  day. 

Taken  collectively,  the  facts  do  not  appear  to  admit  of  any 
other  reasonable  explanation.  The  distribution,  mode  of  occur- 
rence, and  structure  of  this  high-level  gravel  certainly  do  not 
warrant  the  assumption  that  it  is,  in  any  sense,  a  marine  deposit : 
for  now  can  we  reconcile  such  a  mode  of  formation  with  (i)  its 
close  association  with  the  transverse  valleys  of  the  consequent 
streams  and  its  disregard  for  the  wider,  longitudinal  valleys  of  the 
subsequent  streams ;  (2)  its  occurrence  in  impersistent  terraces 
at  rapidly  varying  heights ;  and  (3)  the  angular  condition  of  a 
large  proportion  of  its  component  rock  fragments  ? 

It  may  be  urged  that  this  plateau-forming  drift  is  merely  the 
sub-aerially  remodelled  detritus  of  an  older  marine  formation  ; 
but,  apart  from  other  objections,  when  we  bear  in  mind  the  dis- 
tribution and  structure  of  its  component  masses  it  is  obvious  that 
this  view  involves  the  operation  of  sub-aerial  agencies  from  such  an 
early  stage  as  to  justifiy  us  in  doubting  the  necessity  for  supposing 
the  drift  to  have  been  a  marine  deposit  in  the  first  instance. 

There  is  no  reason  to  think  that  the  part  played  by  ice  in  the 
formation  of  this  gravel  was  ever  more  than  a  subordinate  one. 

The  rejection  of  the  marine  hypothesis  involves  that  of  the 
transportation  by  icebergs,  which  was  favoured  by  th^  earlier 
writers  on  the  subject ;  and  of  the  action  of  land  ice,  on  an 
important  scale,  there  is  no  definite  sign.  The  only  feature 
exhibited  by  the  drifts  of  the  region  with  which  this  paper  is 
particularly  concerned  which  really  seems  to  call  for  ice  action, 
is  that  of  the  larger  masses  of  grit,  marlstone,  oolite,*  etc.,,occur- 
ring  in  the  valleys,  and  which,  as  Professor  Phillips  remarked, t 
would  otherwise  require  a  current  of  a  strength  and  velocity  only 
to  be  found  in  an  Alpine  river.  As  such  boulders,  however,  are 
especially  characteristic  of  the  low-level  deposits,  whose  fluviatile 
origin  is  universally  acknowledged,  their  transportation  may,  with 
some  show  of  probability,  be  ascribed  to  a  form  of  glaciation 
operative,  in  a  moderate  degree,  in  this  country  during  the  present 
age,J  viz.  river  ice. 

•  BucklancJ,  Hull,  and  Lucy,  o/.  cit.  ;  and  Prcstwich,  Quart,  Joum.  dol.  Soc.,  vol.  xii, 

P-  132- 

t  O/^.  cit.^  p.  4^3. 

X  At  the  breaking  up  of  the  severe  frost  of  January  and  February,  1895,  I  witnessed,  on 
the  foreshore  at  Graveaend,  the  rooting  up  and  removal  by  floating  ice  of  blocks  of  chalk  and 
unworn  flint  nodules  upwards  of  one  foot  in  diameter. 
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V. 

I  cannot  here  attempt  to  discuss  the  question  as  to  the 
relation  of  the  High-Level  Gravel  bordering  the  valley  of  theUppei 
Thames  to  the,  in  many  respects,  closely  similar  "Glacial" 
deposits  which  cover  such  wide  areas  in  the  north-eastern 
districts  of  the  London  Basin.  In  country  of  low  relief,  such  as 
is  found  in  the  counties  of  Essex  and  Suffolk,  where  many  diverse 
agencies  have  been  at  work  over  a  long  period  on  practically  the 
sime  floor,  it  is  not  easy  to  distinguish  between  the  effects  ol 
those  agencies,  particularly  when  they  happen  to  be,  to  a  large 
extent,  of  the  glacial  order.  Nevertheless,  I  venture  to  think 
that,  when  due  allowance  is  made  for  complications  arising  from 
such  causes,  these  north-eastern  spreads  of  gravelly  drift  will  be 
found  to  admit  of  an  explanation  similar  to  that  which  1  have 
advanced  with  respect  to  those  occurring  between  Moreton-in-the 
Marsh  and  Banbury,  on  the  one  hand,  and  the  Maidenhead 
District,  on  the  other. 

Of  course,  I  do  not  mean  to  imply  that  the  Thames  itself  is 
responsible  for  the  masses  of  gravel  and  sand  which  extend  along 
the  Tertiary  escarpment  by  Rickmansworth  and  Hatfield,  intc 
Essex.  Both  the  composition  of  these  masses  and  their  relations 
to  the  drainage  systems  of  that  district  seem  to  point  to  theii 
c  )nstituents  having  been  introduced,  in  the  first  instance,  by  an 
independent  stream  flowing  from  the  Midlands  into  the  synclinal 
trough  of  the  London  Basin  through  some  channel  corresponding 
to,  but  lying  at  a  considerable  distance  to  the  north-east  of,  the 
G  jring  Gorge — a  possibility  suggested  to  me  some  two  years  age 
by  Mr.  Jukes-Browne.  More  recently,  Mr.  A.  E.  Salter  ha? 
called  attention  *  to  the  connection  existing  between  the  gaps  ir 
the  Chalk  escarpment  of  the  Chiltern  Hills  and  the  contiguous 
deposits  of  drift ;  and  it  is  to  be  hoped  that  we  may,  ere  long,  \h 
in  possession  of  facts  which  will  enable  us  to  test  the  value  o 
this  hypothesis. 

The  whole  subject  of  the  transported  rock  fragments  in  th< 
drifts  of  Southern  England  is  full  of  interest,  and  much  work 
remains  to  be  done  in  the  directon  of  tracing  the  routes,  anc 
determining  the  nature  of  the  agencies,  by  which  these  material: 
have  been  carried  into  their  present  positions.  I  shall  be  wel 
satisfied  if  this  paper  serves  but  to  awaken  a  more  active  interes 
in  this  important,  though  somewhat  neglected,  branch  of  geo 
lo^:;ical  inquiry. 

•  "  •  PebMy  Gravel'^  from   Goring  Gap   to  the   Norfolk   Coast,"  Prvc.  Ceol.  Assy  - 
vol.  xiv,  p.  3^9  ;  also  Note  on  "Excursion  to  Hitchin,"  p.  419. 


Proc.  Geol 


Plate  VII. 


*^  me  cLj^e/L  necLLon.  <^f(w 


/^.  7.  (9j3£>r»/  W»fV/. 
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:URSION  TO   CHELTENHAM  AND  STROUD. 

Whitsuntide,  iSgy. 
tors :  E.  Wethered,  F.G.S.,  and  S.  S.  Buckman,  F.G.S. 
Zxcursion  Secretary :  R.  S.  Herries,  M. A.,  Sec.  G.S. 

{Report  by  S.  S.  BuCKMAN.) 

oain  body  of  the  party  travelled  from  Paddington  to 
nham  by  the  10.32  a.m.  train  on  Saturday,  June  5th,  and 
ip  their  quarters  at  the  "  Plough  Hotel."  On  arrival  at 
nham  they  were  met  by  the  Directors,  and  at  once  pro- 
to  Leckhampton  Hill. 

e  object  of  the  excursion  was  to  investigate  the  portion  of 
c  deposits  exposed  to  view  from  the  foot  to  the  top  of  the 
«rold  Hills,  in  the  environs  of  the  towns  of  Cheltenham 
roud.  The  beds  which  may  thus  be  seen  range  from  the 
;♦  Lias  up  to  the  Great  Oolite;  and  an  approximative 
n  (Fig.  i)  of  their  sequence  in  the  neighbourhood  of  the 
town  is  given. 

e  town  of  Cheltenham  lies  in  the  valley  of  the  Severn,  and 
tered  on  the  east  and  south  by  the  Cotteswold  Hills, 
hills  form  very  striking  features  of  the  landscape  because 
se  with  some  considerable  abruptness  from  the  valley.  In 
is  by  the  excavation  of  the  Severn  Valley  that  these  hills 
een  formed,  by  the  removal  in  this  process  of  the  westward 
nation  of  the  same  strata  of  which  the  hills  are  composed, 
le  excavation  has  had  a  definite  effect  upon  the  contour  of 
Is,  according  to  the  different  degrees  of  hardness  of  the 
superimposed  on  one  another.  There  is,  as  the  most 
g  feature,  a  prominent,  bold  escarpment,  due  to  a  very 
erable  thickness  of  limestone  rocks ;  but  this  bold  escarp- 
s  more  or  less  interrupted  by  a  subsidiary  escarpment  some- 
bove  the  line  of  the  valley,  and  again  it  is  in  places  topped 
lird  escarpment.  So  that  the  appearance  presented  by  the 
wold  Hills  overhanging  the  Severn  Valley  is  at  first  sight 
eminent  cliff;  but  upon  nearer  inspection  two,  and  some- 
three,  unequal  step  like  cliffs.  The  annexed  sketch 
i)  illustrates  these  features,  which  have,  of  course,  intimate 
:tion  with  the  scenery. 

further  modification  of  the  Cotteswold  scenery  is  produced 
alternation  of  limestone  and  clay.  The  clays  being  the 
noMs  strata,  it  is  from  the  top  of  them  that  the  water 
falls  on  the  superjacent  limestones  is  thrown  off;  and  this 
in  the  shape  of  streams,  has  cut  valleys  at  right  angles  to 
Dtteswold  escarpment  to  bring  the  drainage  into  the  Severn. 
s  way  the  general  western  face  of  the  Cotteswold  Hills  is 

*  Lower  Lias  of  Geological  Survey,  in  part. 
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Scale,  I  inch  ^  loo  feet.    Thickness  of  beds  approximate. 
Fig.  1.— Se(1uench  of  Strata  in  the  Cheltenham  District.— T.  6 
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interrupted  at  certain  points,  producing  north  and  south  faces 
ov-erlooking  lateral  valleys  tributary  to  the  main  Severn  valley. 
Tile  valley  of  the  Chelt,  the  river  whereon  Cheltenham  is  situated, 
^^ci  the  valley  of  the  Frome,  in  which  Stroud  stands,  are  both  of 
thence  such  lateral  valleys,  holding  streams  tributary  to  the  Severn. 
But  such  valleys  are  not  numerous;  and,  consequently,  there  is 
'^^t  so  much  interruption  to  the  regular  line  of  the  Cotteswold 
^est^m  escarpment  as  might  have  been  expected.  This  is  due 
^^  tHe  fact  that  the  beds  of  the  Cotteswold  Hills  have  a  slight 
^-^-  dip,  so  that  there  is  an  inducement  for  the  drainage 
^w  ^^^  ^^  ^  south-easterly  direction.  And  such  is  the  case — 
^^  ixiain  drainage  of  the  Cotteswold  area  finds  its  way  into  the 
i  distant  Thames,  and  not  into  the  nearer  Severn,  as  it  might 


Sketch  of  the  Cotteswolds  atBirdlip. 
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ha 


Fig.  2. 


done  but    for   this   dip.      Consequently  the  Cotteswold 


^^!^^^ment   is  more  continuous  and   less  interrupted  than   it 

Q^  ^^t  otherwise  have  been,  and  therefore  the  scenery  partakes 

^^Hiewhat  the  same  character  for  a  very  considerable  distance. 

^j      ^Vich  are  the  general  characters  of  the  physiography  of  the 

^Cit  which  the  members  proceeded  to  examine  in  detail. 

^y     -^^om  the  station  the  party  proceeded  across  a  gradual  rise 

L^_^  ^Kf iddle  Lias  strata  towards  Leckhampton  Hill  (Fig.  3).      At 

^^   *^Viampton  Station  a  brickyard  was  visited,  showing  a  section  of 

Cx^^  t^eds  of  the  Middle  Lias,  yielding  Ammonites  of  the  genus 

^^  ^^^^^^^  ( Valdani-ffO}x^\  mostly  somewhat  thick-whorled  forms 

•  ^^^-^  to  CycL  subarietiforfney  Futterer,  also  species  allied  to,  or 

/^,I^^ical  with,   CycL  flandrini  (Dumortier),  and   CycL  valdani 

^    ^-^^b.).    Also  there  were  Lytoceratites,  as  Phylloceras  loscotnbi 
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Scale,  I  inch  ^  loo  feel.    Thickness  of  beds  spproiimate. 
Fig.  I.— SEQt^BNcB  of  Strata  in  the  Cheltenham  District, — S.  S. 
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interrupted  at  certain  points,  producing  north  and  south  faces 
overlooking  lateral  valleys  tributary  to  the  main  Severn  valley. 
The  valley  of  the  Chelt,  the  river  whereon  Cheltenham  is  situated, 
and  the  valley  of  the  Frome,  in  which  Stroud  stands,  are  both  of 
them  such  lateral  valleys,  holding  streams  tributary  to  the  Severn. 
But  such  valleys  are  not  numerous ;  and,  consequently,  there  is 
not  so  much  interruption  to  the  regular  line  of  the  Cotteswold 
western  escarpment  as  might  have  been  expected.  This  is  due 
to  the  fact  that  the  beds  of  the  Cotteswold  Hills  have  a  slight 
S.£.  dip,  so  that  there  is  an  inducement  for  the  drainage 
to  flow  in  a  south-easterly  direction.  And  such  is  the  case — 
the  main  drainage  of  the  Cotteswold  area  finds  its  way  into  the 
more  distant  Thames,  and  not  into  the  nearer  Severn,  as  it  might 


Sketch  of  the  Cotteswolds  atBirdlip. 
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have  done  but  for  this  dip.  Consequently  the  Cotteswold 
escarpment  is  more  continuous  and  less  interrupted  than  it 
might  otherwise  have  been,  and  therefore  the  scenery  partakes 
of  somewhat  the  same  character  for  a  very  considerable  distance. 

Such  are  the  general  characters  of  the  physiography  of  the 
district  which  the  members  proceeded  to  examine  in  detail. 

From  the  station  the  party  proceeded  across  a  gradual  rise 
over  Middle  Lias  strata  towards  Leckhampton  Hill  (Fig.  3).  At 
Leckhampton  Station  a  brickyard  was  visited,  showing  a  section  of 
clay  beds  of  the  Middle  Lias,  yielding  Ammonites  of  the  genus 
Cycloceras  ( Fai^axr/'-group),  mostly  somewhat  thick-whorled  forms 
allied  to  CycL  subarietiformey  Futterer,  also  species  allied  to,  or 
identical  with,  Cycl,  flandrini  (Dumortier),  and  CycL  valdani 
(d'Orb.).    Also  there  were  Lytoceratites,  as  Phylloceras  loscotnbi 
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(Sow.).  So  that  the  horizon  was  known  to  be  that  called  "Zone 
of  valdani  "  (sometimes  **  zone  of  idex)  in  the  Middle  (or,  as  the 
Geological  Survey  have  it,  Lower)  Lias,  about  two  zones  below 
the  "  spinaius  zone  "  at  the  top  of  the  Marlstone  of  the  Middle* 
Lias.f 

Farther  up  the  hill  Pilley  Brickyard  was  visited.  The  suc- 
cession of  Ammonites  was  shown  by  the  fact  that  species  of 
Liparoceras  were  found  in  this  section  ;  Liparoceras  striatum 
(Reinecke),  and  Lip,  latcecostatum  (Sow.) J  were  obtained  by  the 
members.     A  varied  series  of  bivalves  was  also  to  be  found. 

The  party  then  ascended  the  hiU,  passing  up  the  subsidiary 
escarpment  to  the  plateau  of  the  Marlstone  (top  of  ^,  Fig.  3),  and 
up  the  slope  of  the  Upper  Lias  (dy  Fig.  3)  to  the  large  cliff-like 
working  by  the  Middle  Gin  (lower  part  of  e.  Fig.  3).  Here  is 
presented  to  view  in  a  large  quarry : 

Upper  Freestone. 

Oolite  Mart. 

Lower  Freestone. 

Pea  Grit.  § 
The  fossiliferous  beds  are  the  Pea  Grit  and  the  Oolite  Marl, 
while  the  massive  Freestones  are  of  greater  economical  interest 
as  building  stones.     The  Pea  Grit,  however,  is  used  for  rougher 
work,  and  is  chipped  into  shape — it  cannot  be  sawn. 

After  Mr.  Wethered  had  given  a  general  sketch  of  the  geology 
of  the  district,  and  pointed  out  as  many  features  of  the  view  as 
the  hazy  weather  would  permit,  the  members  proceeded  to 
explore  the  fossiliferous  beds,  viz.,  the  Pea  Grit  near  the  Middle 
Gin  and  the  Oolite  Marl,  at  a  more  accessible  spot  above  the  Devil's 
Chimney,  on  the  western  side  of  the  hill. 

The  Devil's  Chimney  is  an  isolated  pillar  of  rock,  long  thought 
to  be  due  to  natural  denuding  agencies.  Its  initiation  may  be 
attributed  to  a  fault  of  about  18  inches,  producing  a  downthrow 
and  a  separation  from  the  main  mass  of  the  hill.  The  frost  then 
attacked  the  main  mass  of  the  hill  more  than  the  pillar,  because 
the  main  mass  would  always  retain  more  natural  moisture.  So  a 
certain  amount  of  separation  was  commenced ;  but  it  seems, 
from  evidence  now  available,  that  quarrymen  are  responsible  for 
the  greater  separation  seen  at  the  present  day,  by  having  cut  a 
passage  for  a  tramroad  to  take  stone  from  the  hill-top. 

The  party  then  walked  over  the  hill,  noticing  the  old  camp. 
Next  they  investigated  the  beds  of  Ragstone,  a  term  generally 
used  to  designate  the  strata  above  the  Upper  Freestone.      In 

•  In  Fig.  3  "  Lower  Lias." 

t  Reference  to  tables  of  Ammonite  zones  contained  in  the  works  of  Oppel  (Jura-fonnatiooX 
Tate  and  Blake  (Yorkshire  Lias),  Wright  (Lias  Ammonites),  Buckman  (Inferior  Oolite 
Ammonites)  will  show  the  point  reached,  and  will  enable  the  reader  to  follow  the  opwajd 
sequence.  The  latest  table — the  fullest  in  connection  with  the  horizons  above  s^matus — is 
given  by  Buckman  and  Wilson,  Dundry  Hill,  Quart.  Joum.  Geol.  Soc.^  vol  Hi,  table  iv. 

X  Generally  but  incorrectly  known  by  names  proper  to  other  species,  viz.,  as  *'  heiUeyi  *' 
and  •'capricornus"  respectively. 

$  See  the  Table  of  Sequence  of  Strata,  Fig.  i. 
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reference  to  the  succession  of  the  Ragstone  beds,  Mr.  Buckman 
pointed  out  that  at  Leckhampton  Hill  the  Upper  Tln'gonia-gnt 
rests  upon  a  few  feet  of  Notgrove  Freestone ;  that  in  going  south- 
wards towards  Birdlip  the  former  bed  is  found  to  rest  successively 
upon  the  different  rocks  from  Notgrove  Freestone  to  Upper 
Freestone ;  •  but  that  northwards  more  strata  intervened,  as  he 
would  have  an  opportunity  to  show  at  Cleeve  Hill. 

Returning  down  the  hillside  the  members  found  that  Mr. 
Dale,  of  Daisy  bank,  the  owner  of  Leckhampton  Hill,  had  very 
considerately  opened  for  them  a  capital  section  in  the  Oolite 
Marl,  and  this  being  in  a  virgin  condition  yielded  excellent  results. 
The  same  gentleman  also  kindly  provided  refreshment  for  the 
party  at  his  house,  which  the  oppressive  heat  of  the  day  made 
most  welcome ;  and  the  return  was  then  made  to  Cheltenham. 

[Several  of  the  members  visited  Mr.  and  Mrs.  Buckman,  at 
Charlton  Kings,  and  after  tea  on  the  lawn  they  inspected 
Mr.  Buckman's  fine  collection  of  fossils.  Much  admiration  was 
expressed  at  the  beautiful  preservation  of  the  Cephalopoda  and 
Brachiopoda  exhibited. — R.S.H.] 

On  Monday,  June  7th,  the  members  walked  to  Charlton 
Kings,  and  examined  a  gravel  pit  of  local  materials  deposited,  in 
the  Chelt  Valley,  about  40  feet  above  the  present  level  of  the 
stream.  Thence  they  proceeded  to  a  brickyard  at  Ham,  where 
beds  similar  to  those  at  Pilley  (Leckhampton)  were  on  view. 
Next  the  Glenfall  was  visited,  by  kind  permission  of  Captain 
Willis,  who  joined  the  party.  This  is  a  deep  gorge  cut  through 
Middle  Lias  Clays,  showing  the  phenomena  of  stream  denudation, 
and  the  process  of  gravel  formation.  The  influence  of  harder 
and  softer  rocks,  and  the  action  of  streams  in  regard  to  features 
of  landscape  were  subjects  for  investigation. 

Leaving  the  Glenfall,  the  party  walked  by  way  of  Hewletts 
Hill  to  Cleeve  Hill.  The  beds  examined  were  similar  to  those 
seen  at  Leckhampton  Hill — there  being  an  almost  exact  repeti- 
tion until  the  top  of  the  Upper  Freestone.  Then  a  deposit 
known  as  Harford  Sands  appears,  and  one  of  the  Directors  called 
attention  to  certain  nodular-shaped  masses  of  quartzite  which  it  con- 
tained, because  these  sands  had  been  mistaken  for  Glacial  deposits. 
Overlying  the  Harford  Sands  was  seen  the  Snowshill  Clay.  Only  a 
very  thin  representative  of  this  bed  is  found  at  Leckhampton  Hill. 
At  Cleeve  Hill  it  is  about  two  feet  thick ;  and  in  some  parts  of  the 
district  it  is  of  economic  value  as  a  water- retaining  stratum. 
Above  the  Snowshill  Clay  was  seen  Lower  Trigonia-grit,  and 
a  succession  similar  to  that  of  Leckhampton,  up  to  the  Notgrove 
Freestone.  Then  the  interesting  points  wherein  Cleeve  Hill 
differs  from  Leckhampton  Hill  were  pointed  out  in  the  Rolling 
Bank  Quany.  The  strata  of  the  hills  may  be  diagrammatically 
compared  thus : 

•  The  Bajocian  of  the  Mid  Colteswolds,  Quart.  Gtol.Joum,  Soc,y  vol.  li. 
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Leckhampton  Hill.  Cleeve  Hill. 

Upper  Trigonia  Grit  Upper  Trigonia  Grit 


T.PhillipsianaBeds  )        ^    , 
Bourguetia  Beds      J  ^^  ^^^ 


Witchellia  Grit,  4  feet 
Notgrove  Freestone,  4  feet         Notgrove    Freestone,    about 

20  feet 
Gryphite  Grit  Gryphite  Grit 

Thus  at  Cleeve  Hill  the  Upper  Trigonia  Grit  is  separated  from 
the  Gryphite  Grit  by  about  43  feet  more  strata  than  at  Leck- 
hampton Hill,  which  is  about  5^  miles  distant. 

The  beds  which  make  this  separation  are  interesting  from  a 
pabeontological  point  of  view.  The  Witchellia  Grit  yields 
Ammonites  of  the  genus  Witchellia  (sub-family  Sonninince\  and 
Terebratula  wrighti.  Specimens  of  both  were  found  by  the 
members.  The  Baurguetia-beds  show  a  large  Gasteropod, 
Bourguetia  striata ;  and  their  remarkable  fauna  of  large  Lamelli- 
branchs  called  for  general  notice.  The  T.phillipsianaA^ds  yielded 
several  species  of  Brachiopods,  Terebratula  phillipsiana^  Tereb, 
buckmaniana^  Waldheimia  {Zeilleria)  allied  to  leckenbyi,  and  an 
Acanthotfyris, 

The  T,  philUpsiana  and  Bourguetia  beds  are  not  found  outside 
the  Cleeve  Hill  plateau.  Mr.  Buckman  called  attention  to  the 
different  strata  which  underlie  the  Upper  Trigonia  Grit,  and  showed 
their  relative  geographical  extension  by  means  of  a  map.  He  gave 
details  as  to  the  Bajocian  denudation,*  which  has  removed  these 
and  other  rocks  before  the  deposition  of  the  Upper  Trigonia  Grit. 

The  bored  surface  of  the  beds  immediately  underlying  the 
Upper  Trigonia  Grit  was  also  pointed  out. 

At  the  foot  of  the  hill  carriages  were  in  waiting  to  convey  the 
party  back  to  Cheltenham,  stoppages  being  made  to  enable  the 
members  to  visit  two  brickyards  in  the  Middle  Lias  at  the  foot  of 
Battledown,  which  is  an  isolated  knoll  capped  by  the  Middle 
Lias  Marlstone.  These  brickyards  showed  the  clays  yielding 
Ammonites  in  two  distinct  horizons.     Thus : 

Liparoceras  striatum  ") 

Do.        latacostatum  >  Upper  portion. 

Cycloceras^  sp.  sparingly  ) 

Cycloceras,  various  spp.,  numerous  '\ 

Phylloceras  ibex  ^  Lower  portion. 

Do.      loscombi  ) 

Cceloceras  centaurum  was  found  loose. 

On  Tuesday,  June  8th,  the  8.33  train  was  taken  for  Stroud. 
Mr.  Wethered  was  unfortunately  not  able  to  be  present,  but  his 
place  as  Director  was  ably  filled  by  Mr.  C.  Upton,  of  Stroud,  who, 
with  Mr.  Buckman,  met  the  party  at  the  station  on  their  arrival. 

*  See  BajocUn  of  the  Mid-Cotteswolds,  Quart,  Joum,  GtoL  Scc»  vol.  li. 
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Stroud  is  situated  on  the  Middle  Lias,  and  stands  in  tl 
valley  of  the  Frome,  overhung  on  each  side  by  Inferior  and  Gre 
Oolite  strata.  Of  the  Middle  Lias  only  a  small  exposure  in 
stream  was  pointed  out,  and  no  other  sections  were  visible  un 
the  members  reached  the  Pound  at  Rodborough  Hill  (Fig.  4 
where  they  commenced  the  examination  of  the  strata  overhangii 
the  valley.  The  Pea  Grit  formed  the  first  hunting-ground,  ai 
yielded  some  fossils — Terebraiula  pisolitica,  Rhynch,  subangul^i 
Then  the  Oolite  Marl  was  attacked,  whence  the  Nerinese  a 
obtained.  It  was  pointed  out  that  these  beds  are  not  necessari 
exactly  contemporaneous  with  beds  bearing  the  same  nac 
which  the  party  had  seen  at  Cheltenham,  and  that,  in  fact,  th< 
fossil  contents  indicated  that  they  were  really  later  in  date. 

Passing  to  the  Ragstone  beds,  the  members  were  shown  th 
at  the  quarry  by  Rodborough  Fort  the  Upper  Trtgonia-^X.  re 
directly  upon   Lower   Trigonia-^X^   all  the  other  beds  seen 
Cleeve  Hill  the  day  before  not  being  represented  here. 

At  another  quarry,  showing  a  good  section  of  Clypeus  a. 
Upper  Trigonia'^\\.%^  a.  most  successful  collection  of  characteris 
fossils  was  made  by  the  party. 

Farther  on,  at  Mount  Surat,  another  quarry  was  visited,  a. 
attention  called  again  to  the  bed  upon  which  the  Upper  Trigof^ 
grit  rested.     This  time  it  was  the  Upper  Freestone. 

The  party  then  proceeded  across  Rodborough  Com  mi 
noticing  the  "  pit  dwellings,"  and  after  lunch  at  the  "  Bear  Iiu 
ascended  the  rise  made  by  the  presence  of  Fuller's  Earth  capp 
by  Great  Oolite.  The  famous  Great  Oolite  Quarries  of  Minch 
hampton  were  visited,  with  successful  results.  The  Infer 
Oolite  was  again  seen  at  Walls  Quarry,  but  as  this  is  now  disus 
it  was  not  in  a  good  condition  for  collecting.  The  party  tt 
returned  to  Stroud  by  the  canal,  and  after  tea  at  the  "  Impel 
Hotel,"  took  the  6.7  train  to  London. 
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EXCURSION    TO    LEIGHTON    BUZZARD. 

Saturday,  June  iqth,  1897. 

Director:    A.    C.    G.    Cameron. 

Excursion  Secretary :  W.  P.  D.  Stebbing,  F.G.S. 

{Rtport  by  THE  DIRECTOR.) 

The  members  assembled  at  Euston  Station,  and  travelled  by 
the  9.10  a.m.  train  to  Leighton,  where  they  were  met  by 
Mr.  Cameron  and  a  few  friends  from  Leighton  and  Bedford. 
Carriages  had  been  provided,  and  the  drive  was  made  by  way  of 
Rushmere  and  Heath  to  the  Sand-pits  at  Stone  Lane  Hill.  Dis- 
missing the  carriages  there,  the  remainder  of  the  excursion  was 
carried  out  on  foot. 

Rushmere  is  a  picturesque  spot,  in  a  side  valley,  cut  through 
the  Woburn  Sands  to  the  Oxford  Clay.  Formerly  there  was  a 
chain  of  meres  there,  most  of  which  are,  however,  now  either 
silted  up,  or  drained.  Hard  by,  at  the  disused  Nares  Gladley 
brickyard,  Oxford  Clay  was  formerly  worked,  when  the  large 
Gryphseas  (G.  dilaiata)  which  characterise  the  upper  part  of  the 
Oxford  Clay  were  found.* 

Leighton  Buzzard,  is  a  region  where  Cretaceous  rocks  rest  on 
a  denuded  surface  of  Jurassic  Clays — the  great  plain  which 
extends  from  Bedford  by  Fenny  Stratford  and  Bletchley  towards 
Aylesbury,  being  composed  of  Oxford  Clay,  Ampthill  (Corallian) 
Clay,  and  Kimeridge  Clay — the  general  dip  being  to  the  south- 
east. To  the  west  of  Leighton  there  is  evidence  of  Kimeridge 
Clay ;  and  the  Lower  Greensand  rests  indifferently  on  these  great 
clay  formations ;  it  is  composed  mainly  of  arenaceous  strata,  hence 
the  name,  the  Woburn  Sands. 

In  the  Stone  Lane  Hill  pit  the  following  section  was  seen  : 

ft. 
Laminated,  clayey   sand   varying  in  colour, 

with  a  few  pebbles  at  top  8-10 

White  sand     ...         ...         ...         ...         ...         15-20 

Those  members  who  visited  the  white -sand  at  Stone,  near 
Aylesbury,  on  June  loth  last,  recognised  here  the  similarity  of 
the  strata.  It  was  suggested  that  colouration  of  the  Lower  Green - 
sand  might  be  caused  by  percolation  through  the  mass,  of  water 
holding  salts  of  iron  in  solution,  the  sand  remaining  white  where 
such  water  had  not  penetrated.  This  view  gave  rise  to  some 
discussion  at  Shenley  Hill,  where  the  white  sand  showed  coloura- 
tion along  the  planes  of  bedding. 

*  S«e  Teall,  The  Pottcn  and  Wkktn  Phosphatic  Deposits^  1875,  p   27. 

December,  1897.] 
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Mainly  composed  of  quartz  (see  analyses  below  •),  the  white 
(silver)  sand  of  Heath  and  Stone  is  extensively  dug  for  horticultural 
and  for  other  minor  purposes.  At  one  time  it  was  largely  sent  to 
Birmingham  for  glass-making,  now  very  little  of  it  is  used  for 
that  purpose.  Other  sands  are  used  for  mortar-making,  brick- 
making,  and  for  filtering.  Perhaps  the  most  important  of  the 
sands  to  Londoners  are  those  employed  in  the  filter-beds  of  the 
great  Water  companies.  The  Lower  Greensand  is  locally  noted, 
also,  for  its  fullers'  earth  near  Woburn,t  and  for  its  phosphate  bed 
at  Potton  and  near  Brickhill. 

A  large  excavation,  now  disused,  in  the  field  adjoining  the 
Stone  Lane  Hill  Pits,  exposed  a  thick  deposit  of  Boulder  Clay, 
with  a  miscellaneous  assortment  of  stones,  beneath  which,  there 
was  a  mass  of  cemented  sand  and  gravel,  part  of  the  Glacial 
Drift.  There  is,  however,  no  evidence  anywhere  near  to  show 
that  the  Glacial  Sands  extend  over  any  considerable  tract  beneath 
the  Boulder  Clay. 

On  the  way  to  Shenley  Hill,  Mr.  Bushell,  of  Heath  House, 
kindly  invited  the  party  in  to  see  the  fine  old  staircase  (considered 
to  be  of  Jacobean  age)  and  the  massive  door  that  guards  one 
entrance.  Accompanied  by  the  proprietor,  the  party  then  moved 
on  to  the  disused  pit  in  the  field  adjoining  Heath  House.  Here, 
the  Gault  overlies  the  Lower  Greensand  and  overlaps  its  margin, 
as  it  does  in  the  south-west  of  England.  Entering  the  pit,  the 
members  were  confronted  with  a  massive  ledge  of  sand-rock, 
deeply-stained  and  cemented  into  carstone  by  the  peroxide  of 
iron,  the  tone  being  a  rich  red  or  reddish-brown.  In  parts  this 
staining  is  bronze-like,  and  beautifully  iridescent  in  places.  For- 
tunately Mr.  H.  C.  McNeill,  A.R.S.M.,  obtained  a  photograph  J  of 
the  pit,  as  the  rock  will  soon  be  broken  up  and  removed. 

Passing  over  the  Boulder  Clay  on  the  top  of  Shenley  Hill,  the 
party  next  came  to  the  recently-opened  pits  (Garsides),  where  the 
white  sand  is  extensively  dug  from  beneath  the  Gault  Here,  the 
junction  is  marked  by  a  nodular  bed  of  ochreous  clay,  and  iron- 
stone. Layers  of  fine  shingle  occur  in  the  sand,  and  where  they 
are  met  with  the  sand  is  screened — the  coarser  pebbles  forming 
a  very  useful  gravel.  Of  a  handful  of  pebbles  taken  at  random, 
the  majority  were  lydite,  but  flint  and  quartz  occurred.  Drift 
wood  §  was  found,  but  no  other  fossils  were  seen. 

•  Analyses  or  Three  Samples  of  White  Sand  at  Heath. 
(From  Mr,  E.  W.  Lewis'  Lectures  on  Geology  of  Leighton  Butxarti.  1872,  p.  6i.) 

I.  11.  III. 

Silica 9850     ...    99'oo    ...    98^*88 

Alumina  '78    ...        '^a     ...        '33 

Carbonate  of  Lime '30     ...        'ao     ...         '15 

Oxide  of  Iron '42     ...        '50    ...        '56 

Contributed  by  Merson  Chance,  of  Birmingham. 

t  Beneath  the  fullers'  earth  the  sands  are  white  and  cemented  into  stone. 

X  Now  in  the  Collection  of  the  British  Association. 

§  Mr  Lewis,  a  former  schoolmaster  of  Leighton,  in  his  Lectures  on  the  "Geology*  of 
Leighton  Buzzard,"  published  in  1872,  records  the  finding  of  a  **  tree  trunk,  eight  to  nine 
feet  long  and  one  foot  in  diameter  in  a  sand-pit  near  St.  Andrew's  Church." 
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Grovebury  Siding  Pits,  adjoining  the  L.N.W.  Railway  (Dun- 
stable branch),  were  next  visited.  Here,  a  low  hill  in  the  Lower 
Greensand,  margined  by  Alluvium  and  Valley  Gravel,  is  capped 
with  an  isolated  patch  of  Chalky  Boulder  Clay.  The  Boulder 
Clay  is  stiff  and  stony,  with  many  scratched  rock-fragments.  It 
rests  here  and  there  on  sharply  false-bedded  Lower  Greensand, 
without  any  signs  of  disturbance  in  the  underlying  beds.  Else- 
where the  ice  has  stripped  off  masses  of  the  sand,  and  incorporated 
them  with  the  Boulder  Clay.* 

The  Lower  Greensand  was  again  seen  in  the  pit  adjoining  the 
Gas  House,  and  the  remarkable  diagonal  or  cross  bedding  was 
there  also  well  displayed.  Mr.  H.  C.  McNeill  succeeded  in 
obtaining  a  photograph.t 

Before  the  members  returned  to  town,  tea  was  partaken  of  at 
the  Elephant  and  Castle.  After  the  thanks  of  the  Association 
had  been  heartily  accorded  to  the  Director,  on  the  proposition 
of  Mr.  Geo.  Potter,  F.R.M.S.,  the  party  dispersed. 
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EXCURSION  TO   REDHILL  AND    MERSTHAM. 

Saturday,  June  26th,  1897. 

{See  page  1 1 3.) 


EXCURSION  TO  WOKING. 

Saturday,  July  3RD,  1897. 

Director:  F.  Meeson. 

Excursion  Secretary :  Miss  M.  C.  Foley,  B.Sc. 

(^Report  by  THE  DIRECTOR.) 

The  members  left  Waterloo  Station  by  the  1.50  p.m.  train  for 
Woking,  where  they  were  met  by  the  Director,  who  led  the  way 
to  the  residence  of  Mr.  Britton,  of  Caer  Brito,  who  had  kindly 
given  permission  for  the  party  to  visit  his  grounds. 

Attention  was  first  drawn  to  a  section  showing  the  junction 
of  the  Middle  and  Lower  Bagshot  Beds,  of  which  an  account  has 
been  published  by  Messrs.  Monckton  and  Henries.  J     It  is  called 

•  Sec  Report  of  Director-General  of  the  Geological  Survey  for  1896,  p.  79. 
t  Now  in  the  Collection  of  the  British  Association. 
X  Quart,  Joum.  Geol.  Soc.^  vol.  xlii,  p.  414. 

December,  1897.] 
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a  "road  cutting,"  but  is  really  a  large  sand-pit  by  the  roadside, 
now  enclosed.  This  section  is  close  to  the  east  end  of  the 
Goldsworth  or  Goldsworthy  railway  cutting,  described  by 
Prestwich  in  1847,  and  which  is  shown  in  his  diagram-section 
Fig.  I. 

W.  E, 

Frimlcy  Ridges. 


Goldsworthy 
Hill. 


Woking 
Station. 


Fig.  I. — Section  from  Frimley  Ridges  to  Woking  Station. — 

Prestwick. 

Feet. 

a.  Upper  Bagshot  Beds,  yellow  sands  (casts  of  shells). 

Maximum  thickness,  over  ...     200 

b.  Middle  Bagshot  Beds     ...         ...         ...         ...         ...         ...      — ■ 

1.  Greenish  Sand,  with  a  few  Pebbles     2 

2.  Foliated  Sandy  Clays  (brown)...         ...         II 

3.  Grey  Clay,  with  traces  of  lignite         I 

4.  Green  Sand  (teeth,  bones,  and  casts  of  shells)         ...  16 

5.  Compact  Lignite            ...         ...         ...         ...         ...  I 

6.  Sandy  Clay,  the  upper  part  with  green  sand-tubes  ...  6 

7.  Brown  compact  Clay,  with  sand  and  traces  of  vegetable 

1  CllliillliS  •••  •••  •••  •••  •••  •••  o 

c.  Lower  Bag^shot  Beds      ...         130 

d.  London  Clay       ...         ...         ...         ...         ..  ...         ...       — 

X.  Interval  of  3  miles,    f  Interval  of  \  mile.     In  both  these  spaces  the 
strata  are  continuous Strati  proved. 

The  Director  expressed  a  doubt  whether  the  diagram-section 
was  correct  in  showing  any  Upper  Bagshot  Sand  at  Goldsworthy 
Hill.  Mr.  H.  W.  Monckton  said  he  thought  that  none  occurred 
there,  and  that  the  pebble-bed  mentioned  by  Prest^wich  was  not 
the  basement  pebble-bed  of  the  Upper  Bagshot,  but  more  pro- 
bably a  Middle  Bagshot  pebble-bed  at  a  slightly  lower  horizon ; 
and  in  support  of  this  he  drew  attention  to  Hook  Heath,  which 
is  covered  by  a  pebbly  deposit,  probably  derived  from  the  Upper 
Bagshot  basement  bed.  Judging  by  the  contour  of  the  ground, 
he  thought  that   these  pebbles  must   have  come  from  a  bed 
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geologically  higher  in  the  series  than  the  strata  of  the  railway 
cutting. 

The  section  in  Mr.  Britton's  garden  shows  the  green-coloured 
sand  (Bed  4  of  Fig.  i),  the  clay  irregularly  "pierced  with  green 
sand-tubes  "  of  Bed  6,  the  clay  of  Bed  7  and  its  junction  with  the 
Lower  Bagshot  Sand.  In  the  garden,  attention  was  drawn  to 
blocks  of  iron-sandstone,  some  of  which,  on  examination,  proved 
to  be  full  of  external  casts  of  Cardita  planicosta.  The  blocks 
were  said  to  have  come  from  the  top  of  the  rising  ground  close 
to  the  site  of  Mr.  Britton's  house,  but  no  such  bed  was  seen  in  situ. 

Leaving  Caer  Brito,  attention  was  drawn  to  an  exposure  by 
the  roadside  of  green-coloured  sands  of  Middle  Bagshot  age,  and 
it  was  suggested  that  the  level  of  this  exposure,  taken  together 
with  the  sections  in  the  garden  above  described,  showed  that  the 
sands  of  the  pits  by  Jackman's  Nursery  were  undoubtedly  Lower 
Bagshot 

It  was  in  one  of  these  sand-pits  that  Mr.  R.  S.  Herries 
obtained  the  fossils  which  he  exhibited  at  the  Geological  Society 
on  June  8th,  1892,  and  described  as  *'  Marine  Fossils  from  the 
Lower  Bagshot  Sands,  Goldsworthy,  near  Woking."*  In  the 
same  year  the  following  remark  upon  this  exhibit  was  published  : 
"As  for  the  'discovery'  of  shells  at  Goldsworthy,  it  will  be  time 
enough  to  consider  the  bearing  of  this  upon  the  general  question 
when  it  shall  have  been  satisfactorily  determined  that  they  are 
'casts  of  "marine  shells/"  and  that  they  occur  in  the  'Lower 
Bagshot.'  "t 

The  bed  with  the  shells  in  question  was  soon  found.  It  is  a 
drab-coloured  sand  some  three  feet  or  more  in  thickness, 
crowded  with  casts  and  impressions  of  shells.  Unfortunately,  it 
is  not  easy  to  obtain  good  specimens  for  removal,  but  attention 
was  drawn  to  several  specimens  of  a  bivalve  with  radiating  ribs, 
which  was  probably  a  Cardita^  and  could  hardly  be  a  land  or 
freshwater  species. 

Mr.  Monckton  said  he  thought  that  the  members,  after  seeing 
this  evidence,  would  have  little  doubt  that  the  bed  was  of  Lower 
Bagshot  age  and  that  the  shells  were  marine. 

Attention  was  directed  to  some  sarsens  which  had  probably 
been  derived  from  a  higher  horizon  than  the  sands  of  the  pit, 
since  they  appeared  to  be  water-worn. 

After  thanking  Mr.  Gribble,  the  proprietor,  for  allowing  the 
Association  to  visit  the  sand-pits,  the  Director  led  the  way  over 
the  end  of  Hook  Heath  and  across  the  railway  and  the  Basing- 
stoke Canal  to  the  Knap  Hill  brickfields,  where  the  clay  of  Beds 
6  and  7  of  Fig.  i  is  worked.  In  one  place  a  section  in  the 
green-coloured  sand  of  Bed  4  was  seen,  and  in  it  a  few  teeth  of 
Lamna  were  found  by  the  members  of  the  party.      This  find  was 

•  Quari.Joufn.  Geoi.  Sac.,  vol.  xlviii,  p.  487,  and  Proc.,  p.  x88. 

t  TJU  Bagskot  Beds  qf  Bagshot  Heath  (a  rejoinderX  by  A.  Irving,  D.Sc.,  F.G.S  ,  1892. 
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of  considerable  interest,  as  it  was  from  Bed  4  at  Goldsworthy 
cutting  that  Prestwich  obtained  most  of  the  fish  remains  of 
which  a  list  is  given  in  his  paper  on  the  Bagshot  Sand.* 

From  Knap  Hill  the  party  proceeded  to  the  common  at 
Horsell  Birch,  where  there  is  a  large  deposit  of  pebbles  worked 
for  road  metal.     This  deposit  has  already  been  described  in  the 

PROCEEDINGS.t 

A  road  across  the  common  was  then  followed,  and  a  fine 
section  in  Lower  Bagshot  Beds  on  the  common,  northward  of 
Potter^s  Corner,  was  examined. 

This  completed  the  programme  of  the  excursion,  and  the 
members  were  invited  to  the  Director's  house,  where  some 
specimens,  including  a  tooth  of  a  shark,  from  the  beds  passed 
through  in  sinking  a  well  at  Brookwood  Asylum  were  exhibited. 
An  excellent  repast  was  provided  by  Mrs.  Meeson,  to  which  full 
justice  was  done.  Before  leaving,  Mr.  Monckton,  on  behalf  of 
the  members  present,  thanked  Mr.  Meeson  for  the  trouble  he  had 
taken  in  arranging  the  excursion,  and  for  acting  as  Director,  and 
Mrs.  Meeson  for  her  kind  hospitality.  The  party  then  returned 
to  town  by  the  7.36  p.m.  train. 
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EXCURSION  TO   PETERBOROUGH. 

Saturday,  July  ioth,  1897. 

Directors:  A.  N.  Leeds,  F.G.S.,  and  A.  S.  Woodward, 

F.G.S. 

Excursion  Secretary :  R.  S.  Herries,  M.A.,  Sec.  G.S. 

(Jieport  by  The  DIRECTORS.) 

The  object  of  this  excursion  was  to  examine  the  strata  at  the  top 
of  the  Lower,  and  at  the  base  of  the  Middle  Oolites ;  also  to  visit 
the  private  museum  of  Mr.  Leeds,  who  has  devoted  many  years 
to  the  collection  and  preservation  of  the  fossil  vertebrata  of  the 

*  Quart,  Journ.  Geol.  Soc.^  vol.  iii,  p.  390, 
fFroc,  Geol,  Assoc.,  vol,  xi,  p.  17. 
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• 

Oxford  Clay.     The  party  left  King^s  Cross  at  10.15  a.m.,  arriving 
at  noon  at  Peterborough,  where  carriages  were  in  waiting. 

By  kind  permission  of  the  authorities  of  the  Great  Northern 
Railway,  they  proceeded,  under  the  guidance  of  Mr.  T.  R.  John- 
son to  a  fossiliferous  exposure  of  the  Cornbrash  in  the  Spital 
goods  siding.  While  there,  attention  was  directed  to  the  remark- 
able persistence  and  uniform  character  of  this  thin  marine  stratum 
across  England,  as  compared  with  the  formations  immediately  above 
and  below  it.  After  a  brief  halt  in  the  city,  the  party  drove  about  two 
miles  south  to  Fletton,  where  there  are  several  large  pits  in  the 
Oxford  Clay  worked  for  brick  and  tile  manufacture.  Considerable 
time  was  spent  in  one  of  the  largest  of  these  excavations,  whence 
Mr.  I..eeds  has  obtained  many  fine  specimens.  The  stratification  of 
the  clay  by  thin  layers  of  more  or  less  broken  shells  was  noted, 
and  many  septaria  were  examined  for  better-preserved  fossils. 
Mr.  Leeds  pointed  out  how  the  vertebrate  skeletons  occurred, 
spread  over  well-defined  old  floors  in  the  clay,  and  could  thus 
with  care  be  recovered  almost  in  their  entirety.  From  Fletton 
the  party  drove  two  miles  west  to  the  classical  section  of  Great 
Oolite  in  the  railway  cutting  at  St.  Botolph's  Bridge  (Bottlebridge), 
where  the  intensely-hard,  shelly  limestone  was  found  to  be  much 
obscured  by  vegetatioa  On  the  return  to  Peterborough  some 
members  visited  the  extensive  pits  in  the  Pleistocene  gravels  near 
the  village  of  Woodstone,  and  late  in  the  afternoon  the  whole 
party  proceeded  four  miles  eastwards  to  Eyebury,  the  residence 
of  Mr.  Leeds,  where  they  were  hospitably  entertained  by  Mrs. 
l^eeds. 

Mr.  Leeds'  Museum  now  contains  only  his  most  recent  dis- 
coveries, the  greater  part  of  the  collection  made  by  his  brother 
(Mr.  Charles  E.  Leeds)  and  himself  during  the  past  thirty  years 
having  been  acquired  by  the  British  Museum  (Natural  History), 
where  the  principal  specimens  are  exhibited.  The  members, 
however,  had  much  to  see,  and  were  able  to  realise  how  prolific 
was  the  reptile  and  fish-life  in  the  Oxfordian  sea.  Many  of  the 
species  have  not  yet  been  fully  studied,  and  it  is  thus  not  possible 
to  compile  a  complete  list  of  the  forms  represented;  but  the 
following  table  gives  the  information  up  to  date  : 

List  of  Vertebrata  discovered  by  Messrs.  Leeds  in  the 
Oxford  Clay  of  the  neighbourhood  of  Peterborough. 

REPTILIA. 

DiNOSAURIA. 

Omosaurus  durobrivensis,  Hulke. 
Ornithopsis  ieedst,  Hulke. 
Sarcokstes  leedsi^  Lydekker. 
Camptosaurus  leedsi^  Lydekker. 
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Crocodilia. 

Steneosaurus  (various  undetermined  species). 
Metriorhynchus  (various  undetermined  species). 
Suchodus  durobrivensis^  Lydekker. 

Ornithosauria. 

The  bones  of  one  individual. 

Sauropterygia. 

Muranosaurus  plicatus  (Phillips). 
Muranosaurus  platycliSy  Seeley. 
Murcenosaurus  velocliSj  Seeley. 
Cryptoclidus  oxoniensis  (Phillips). 
Feioneustes  philarchus  (Seeley). 
Fliosaurusferox  (Sauvage). 

Ichthyopterygia. 

Ophthalmosaurus  icenicus,  Seeley. 

PISCES. 

Elasmobranchii. 

Hybodus  obtusus,  Agassiz. 
Asteracanthus  ornatissimus^  Agassiz. 
Asteracanthus  var.  flettonensiSy  A.  S.  Woodward. 

CHIMiEROIDEI. 

Ischyodus  egertoni,  Buckland. 
Ischyodus  beaumontt^  Egerton. 
Pachymylus  ieedst\  A.  S.  Woodward. 
Brachymylus  altidens^  A.  S.  Woodward. 

TeLEOSTOMI  (ACTlNOPTERYGIl). 

Lepidotus  macrocheirus,  Egerton. 
Lepidotus  latifronSy  A.  S.  Woodward. 
Lepidotus  leedsU  A.  S.  Woodward. 
Heterostrophus  sp. 
Mesturus  leedsi,  A.  S.  Woodward. 
Caturus  (various  undetermined  species). 
Eurycormus  egertoni  (Egerton). 
Osteorachis  kedsi^  A.  S.  Woodward. 
Hypsocormus  tenuirostriSy  A.  S.  Woodward. 
Bypsocormus  leedsiy  A.  S.  Woodward. 
Leedsia  problematicay  A.  S.  Woodward. 

Many  special  memoirs  have  been  published  upon  the  Leeds 
Collection,  and  they  are  enumerated  in  the  list  appended  to  this 
report.  They  are  too  lengthy  to  be  abstracted  here,  but  brief 
references  are  made  to  them  (by  number)  in  the  following  sum- 
mary of  the  principal  features  of  the  collection. 

The  land-reptiles  (Dinosauria)are  represented  only  by  fragments, 
namely,  some  vertebrae,  two  pelves  (3,  5),  two  femora  (3,  4),  one 
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piece  of  jaw  (8),  and  some  detached  teeth  These  are,  however,  of 
great  interest,  and  the  remains  of  Ornithopsis  are  of  gigantic  size. 
The  Crocodiles  Steneosaurus  and  Metriorhynchus  (lo)  are  repre- 
sented by  nearly  complete  skeletons  of  a  truly  marine  type,  with 
very  large  hind  limbs,  relatively  small  fore  limbs ;  and  Metrio- 
rhynchus  is  proved  to  have  been  destitute  of  dermal  armour. 
SuchoduSy  with  relatively  large  teeth,  is  known  only  by  part  of  the 
head  (6).  The  Pterodactyles,  as  might  be  expected  from  their 
mode  of  life,  are  scarcely  known ;  but  it  is  very  curious  that  not 
a  single  fragment  of  a  Chelonian  has  hitherto  been  discovered. 
The  Sauropterygia,  or  allies  of  PlesiosauruSy  predominate  in  the 
collection  (i,  7,  9,  11-18),  and  there  are  skeletons  of  individuals 
of  all  ages,  from  the  very  young  to  the  extremely  old  (14).  The 
Ichthyopterygia  are  represented  by  an  almost  toothless  ally  of 
Ichthyosaurus^  with  comparatively  broad  and  flexible  paddles 
{Ophthaimosaurus^  2).  Fish-remains  are  very  abundant,  and  im- 
portant as  supplementing  our  knowledge  of  the  Upper  Jurassic 
fauna  in  the  Lithographic  Stone  of  Germany  and  France. 
Whereas  the  Continental  fossils  display  the  general  contour  of 
the  various  fishes  embedded  in  very  hard  limestone,  the  speci- 
mens in  the  Leeds  Collection  were  originally  macerated  and 
buried  in  soft  clay,  from  which  the  different  bones  can  be  washed 
and  examined  separately.  There  are  fine  groups  of  teeth  of 
Hybodus  found  in  association  with  the  jaws  of  this  shark.  There 
are  also  many  still  finer  groups  of  the  teeth  named  Strophodus^ 
in  undoubted  association  with  the  fin-spines  named  Asteracan- 
thus^  and  the  hooked  head-spines  named  Sphenonchus  (19). 
Chimseroids  are  known  only  by  detached  dental  plates  and 
fragments  of  spines  (21).  The  ganoid  fishes  are  most  numerous 
and  add  much  to  our  knowledge  of  the  structure  of  the  skull  of 
these  primitive  types. 

The  specimens  of  Lepidotus  (28),  Caiurus  (24),  and  the 
Pycnodont  Mesturus  (23)  are  especially  fine;  and  those  of 
Mesturus  have  shed  entirely  new  light  on  the  interpretation  of 
the  Pycnodontidae.  There  is  only  one  form  which  cannot  yet  be 
approximately  determined,  namely,  Leedsia  probletnatica  (25,  26), 
which  is  represented  by  gill-rakers,  fin- rays  sometimes  ^y^  feet 
long,  and  other  miscellaneous  bones  which  have  not  been 
identified.  Similar  fossils  occur  in  the  Oxford  Clay  of  N.  France, 
and  in  the  Kimeridge  Clay  of  Dorsetshire,  but  there  is  no  clue 
to  their  true  nature. 

The  party  drove  back  from  Eyebury  to  Peterborough,  re- 
turning to  London  by  the  6.49  p.m.  train,  due  at  King's  Cross  at 

8.30  p.m. 
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Saturday,  July  17TH,  1897. 

Director:  A.  Irving,  B.A.,  D.Sc.  (Lond.),  F.G.S. 

Excursion  Secretary :  A.  C.  Young,  F.C.S. 
(^Report  by  The  Director.) 

The  members  left  Liverpool  Street  at  2.30  for  Bishop's  Stortford, 
where  they  were  joined  by  the  Director. 

The  object  of  the  excursion  was  to  study  the  Stratigraphy  of 
the  Upper  Valley  of  the  Stort,  which  includes  the  Senonian 
("Chalk  with  Flints"),  the  Woolwich  and  Reading  Beds,  the 
London  Clay,  the  Stratified  Gravels,  and  the  "Boulder-Clay," 
with  its  many  variations. 

I.  The  Chalk, — The  pre-Tertiary  plane  of  abrasion  of  this 
December,  1897.] 
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formation  is  shown  by  its  outcrop  on  both  sides  of  the  Stort 
Valley,  and  also  by  measurements  taken  in  well-sections  to  the 
east  and  west,  to  be  now  at  about  190  feet  O.D.  The  formation 
appears  to  have  been  planed  down  to  the  zone  of  Micraster  car- 
anguinum  before  the  Readmg  Beds  were  deposited. 

Well  sections  in  the  Valley  of  the  Stort  show  that  along  that 
line  of  erosion  the  Chalk  underwent  such  extensive  subnaerial 
waste  in  later  Tertiary  (and  perhaps  early  Glacial)  times  as  to  be 
channelled  to  a  depth  of  190  feet  vertical,  170  feet  of  which  is 
now  filled  up  with  Glacial  detritus.  This  valley  therefore 
presents  features  similar  to  those  of  the  Valley  of  the  Cam,  as 
described  by  Mr.  W.  Whitaker  (Quart,  Journ,  GeoL  Soc,^  vol. 
xlvi,  pp.  333-340). 

II.  Woolwich  and  Reading  Beds.  —  These  are  best  seen  in 
their  exposures  on  either  side  of  the  Stort  Valley,  where  there  are 
extensive  brickyards.  They  occur  in  positions  precisely  similar 
to  those  in  which  they  are  met  with  on  either  side  of  the  river 
Kennet  at  Reading ;  but  they  are  less  argillaceous  here  than  at 
Reading.  Green-coated  flints  are  common  in  their  basement- 
bed.  In  the  Rye  Street  Brickyards  (west  side  of  river)  these  beds 
show  signs  of  extensive  erosion,  though  the  section  has  not  yet 
been  carried  sufficiently  far  into  the  flank  of  the  hill  to  show  the 
age  of  the  overlying  deposits,  and  to  decide  the  question  whether 
the  erosion  referred  to  is  "  contemporaneous,"  or  a  j)art  of  the 
later  denudation  of  the  country.  One  of  these  overlyingj  deposits 
is  (in  one  part  of  the  section)  a  curious  jumble  of  sand,  flint- 
pebbles,  and  nodules  of  limonite. 

III.  London  Clay, — On  the  slopes  of  the  valley  this  formation 
is  largely  obscured  by  Quaternary  Drift.  A  good  section  of  it 
was  seen  at  the  top  of  the  field  adjoining  the  brick-yards  belong- 
ing to  Mr.  J.  L.  Glasscock.  The  workmen  assert  that  below  the 
present  bottom  of  the  pit  they  come  to  a  bed  of  flint  pebbles. 
(This  pebble-bed  undoubtedly  occurs  in  some  clay-pits  at 
Birchanger,  about  half  a  mile  distant,  and  contains  at  that  place 
many  shells  of  oysters,  some  of  which  are  much  worn  by  sand 
and  water.)     Sharks'  teeth  occur  at  both  localities. 

IV.  Stratified  {Plateau)  Gravels, — These  occur  at  about 
220  ft.  O.D.,  capping  low  hills  on  both  sides  of  the  Stort  Valley. 
The  best  sections  of  them  were  seen  in  the  Thorley  Pits  by  the 
London  Road,  near  Twyford  House,  the  proprietor  of  which,  Laurie 
Frere,  Esq.,  had  most  kindly  caused  three  clean  vertical  sections  to 
be  prepared  for  the  members  of  the  Association  to  examine.  About 
20  ft.  of  gravel  is  exposed  to  view.  The  gravel  lies  on  an  eroded 
surface  of  London  Clay,  and  upon  it  there  rests  4  to  6  fl.  of  un- 
doubted Boulder  Clay.  The  two  deposits  are  quite  distinct; 
there  is  no  passage  from  the  one  into  the  other,  the  gravels  as 
well  stratified  as  such  deposits  can  be ;  they  have  their  inter- 
stratified  beds  of  coarse  sand,  as  the  plateau-gravels  of  Berks 


EXCURSION   TO   BISHOP'S   STORTFORD.  IQS 

frequently  have,  and  as  regards  structure  and  arrangement  agree 
with  them  in  all  respects.  Their  materials  show  that  ihey  belong 
to  the  Northern  and  Mercian  Drift.  Few  subangular  and  dis- 
coloured flints  are  found  in  them,  as  compared  with  the  plateau- 
gravels  of  the  south  side  of  the  Thames  Valley,  which  belong  to 
the  Southern  Drift ;  but  flint  pebbles  are  numerous  (here  as 
there),  mingled  here  with  numerous  pebbles  (large  and  small)  of 
quartz  and  quartzite  (white,  pink,  and  liver-coloured).  These  are 
identical  with  the  pebbles  of  the  Bunter  Sandstone  of  the  Mid- 
lands. A  few  subangular  blocks  of  Sarsen  stone  occur,  generally 
(along  with  the  larger  pebbles)  near  the  base  of  the  gravel. 
Rolled  masses  of  Millstone  Grit  and  of  Coal-measure  Sandstone 
can  be  recognised.  The  materials  of  the  gravel  diminish  in 
coarseness,  with  an  increasing  proportion  of  sand,  as  we  work  up 
the  face  of  the  pit. 

In  another  gravel-pit,  about  half  a  mile  off  on  the  other  side 
of  the  valley,  at  about  the  same  altitude,  this  differentiation  of 
materials  is  even  more  marked,  about  lo  ft.  in  the  upper  part 
consisting  of  what  is  really  a  gravelly  sandy  with  pronounced 
false-bedding,  and  this  is  succeeded  upwards  by  thick  beds  of 
simple  sand,  with  much  irony  investment  of  the  grains,  the  whole 
overlain  by  a  glacial  deposit  of  a  more  gravelly  nature  than  in  the 
Thorley  Pit. 

[At  Stansted,  some  four  miles  to  the  north,  similar  gravels 
(with  some  differences  of  detail)  occur,  overlain  by  a  glacial 
deposit  of  that  extreme  flinty  character,  which  is  so  often 
substituted  for  the  Boulder  Clay  proper  in  these  parts.] 

Everything  observable  in  these  gravels  points  to  a  riverine 
origin  for  them,  and  their  materials  point  to  the  Triassic  regions 
of  the  Midlands  as  (in  part)  their  source.  It  is  hardly  possible 
to  say  whether  the  materials  from  the  Carboniferous  are  mediately 
or  immediately  derived. 

The  Director  suggested  that  the  gravels  belong  to  a  series  of 
deposits  laid  down  along  the  lower  courses  of  rivers,  which  drained 
the  Mercian  area  at  a  higher  relative  level,  during  the  great  Miocene 
and  Pliocene  elevation  of  North-western  Europe,  at  a  time  when 
the  present  Chalk  Escarpment  —  and  therefore  the  present 
Mercian  river-system — had  no  existence.  (The  map  contained  in 
Prof.  ZitteVs  work,  Aus  der  Urzeit,  was  referred  to  in  illustration 
of  this.)  The  gap  in  the  Chalk  hills  about  Clavering  and 
Newport  (watershed  of  the  Stort  and  the  Cam)  represents, 
probably,  the  old  channel  down  which  the  Mercian  waters 
flowed  into  the  Tamisian  area. 

At  Start  Hill  nearly  two  miles  to  the  east,  the  gravel  (about 
290  ft.  O.D.)  is  of  a  different  type.  It  is  probably  a  reconstructed 
Bagshot  pebble-bed,  with  some  admixture  of  foreign  materials, 
and  may  without  much  difficulty  be  referred  to  Prestwich's 
"Brentwood  Series"  (see   Quart,  Journ.    GeoL  Soc^.soX,  xlvi, 
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p.  181).  Members  of  the  Association  examined  the  nature  of  its 
materials  in  the  gravel  on  the  drive  of  Hockerill  Vicarage,  and 
were  hospitably  entertained  by  the  Director  after  the  afternoon's 
walk  was  over. 

V.  "  Boulder  Clay" — As  a  comprehensive  term,  this  includes 
many  varieties  of  deposits,  if  used  as  an  equivalent  of  the  term 
"  Glacial  Drift."  They  are  all,  however,  local  representatives  of 
the  "  Chalky  Boulder-Clay  "  of  the  East  Anglian  country,  varying 
from  a  normal  "Boulder-Clay" — such  as  that  which  lies  upon 
the  stratified  gravel  in  the  Thorley  pit,  described  above — to  a 
deposit  made  up  almost  entirely  of  angular  weathered  flints,  with 
a  few  quartz — ^and  quartzite — pebbles. 

Even  within  such  a  small  area  as  the  churchyard  of  Hockerill 
Parish  we  find  in  the  graves  such  varieties  as  an  almost  pure  (re- 
constructed) chalk  with  angular  black  flints,  a  stiff  tenacious  clay, 
a  fine  and  sandy  gravel  with  small  pebbles  and  chalk  detritus, 
and  an  irony,  sandy  gravel  with  no  chalk  at  all.  Jurassic  fossils 
(Belemmites,  Gryphaeae,  Oysters)  from  the  Mercian  Jurassic  rocks 
are  of  quite  common  occurrence  in  the  typical  "  Boulder  Clay," 
wherever  it  is  met  with. 

The  only  hypothesis  with  which  such  facts  seem  to  harmonise 
is  that  of  transport  of  materials  from  the  Mercian  uplands  by 
"  ice-rafts  "  floating  and  melting  away  in  a  great  extra-morainic 
lake,  the  idea  of  which  was  so  well  worked  out  by  the  late  Prof. 
Carvill  Lewis.  (See  his  communication  to  the  British  Assoda- 
tion,  Manchester  meeting,  1887,  and  the  Glacial  Geology  0/ Great 
Britain  and  Ire  land ,  Longmans  &  Co.,  1894.) 

VI.  The  ^^  Herts  Fuddingstoney — Very  fine  examples  were 
seen  and  examined  in  the  grounds  of  Oak  Hall,  by  the  kind 
permission  of  Mr.  G.  E.  Pritchett,  F.S.A.  Since  the  Director 
came  into  this  part  of  the  country  to  reside  he  has  recognised  in 
these,  mere  pebbly  varieties  of  Sarsen  Stones,  and  has  been  happy 
to  find  that  Mr.  W.  Whitaker,  of  the  Geological  Survey,  has 
thought  the  same  "  for  thirty  years  and  more."  The  matrix 
is  identical  with  the  ordinary  Sarsen,  with  its  siliceous  cementa- 
tion of  the  sand-grains ;  and  the  included  pebbles  (all  of 
flint)  tell  the  tale  of  exposure  to  the  same  conditions  and  agencies 
as  those  by  which  the  silica  was  set  free  from  silicates  to  cement 
the  whole  into  solid  masses,  as  we  find  them.  In  Berks  and 
Surrey  we  meet  with  such  masses,  as  agglutinated  portions  of  the 
Bagshot  Pebble-bed,  at  St.  Anne's  Hill,  Surrey,*  the  largest  such 
block  being  seen  on  the  hill-slope,  and  known  in  folk-lore  as  the 
"  Monk's  Grave."  The  Director  considered  the  pebbly  Sarsens 
of  Herts  to  have  had  a  similar  origin,  and,  with  the  ordinary 
Sarsens  (also  common  hereabouts),  to  form  monumental  evidence 
of  the  quondam  extension  over  this  (as  over  other  [>arts)  of  the 
Tamisian  area  of  the  latest  Eocene  strata  of  the  region. 

*  A.  Ir\ing,  Quart.  Joum.  Geol.  Soc.y  vol.  xUii,  pp.  376,  377. 
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^ONg  excursion  to  EDINBURGH  AND  DISTRICT. 

July  26th  to  31ST,  1897. 

^tctars :  Prof.  James  Geikie,  LL.D.,  F.R.S.,  F.G.S. ;  J.  G. 
GooDCHiLD,  F.G.S.,  F.Z.S.  ;  and  H.  W.  Monckton,  F.L.S., 
F.G.S. 

^^cursion    Secretaries :   Thos.    Leighton,  F.G.S.,   and    E.    P. 

Ridley,  F.G.S. 

^^^Ports  hy  Prof.  James  Geikie,  H.  VV.  Monckton,  and  R.  S,  Herries.) 

*  His  was  the  first  visit  of  the  Geologists'  Association  to  Scotland, 
^j|^<i  the  difficulty  which  had  hitherto  stood  in  the  way,  namely 
^^  obtaining  of  the  necessary  accommodation,  was  experienced 
^^  the  outset  It  was  found  impossible  to  house  the  party  under 
^^c  roof,  as  has  hitherto  generally  been  done,  so  it  was  decided 
^  fitsk  the  members  of  the  Association  to  find  their  own  rooms 
?^  and  where  they  liked.     The  Clarendon  Hotel,  if  anything, 

9^Tned  the  Headquarters,  as  here  the  Excursion  Secretary  and 

^"Out  a  dozen  others  were  to  be  found.  This  difficulty  did  not,  how- 

^^^r,  prevent  the  excursion  from  being  a  very  successful  and 

^^l-attended  one,  and  the  unanimous  verdict  of  those  who  took 

^5^  in  it  was  that  it  would  not  be  long  before  the  Association 

^^^cl  a  second  visit  to  Scotland.     The  bulk  of  the  party  arrived 

??*    Saturday  night,  and  on  Sunday,  July   25th,  Mr.  Goodchild 

^'^dly  met  those  who  cared  to  accompany  him  at  Holyrood,  and 

P^*^ciucted  them  over  Arthur's  Seat,  The  Lion's  Haunch,  Salis- 

^^**^  Crags  and  their  surroundings,  and  later  in  the  day  after 

k^eavy  shower,  almost  the  only  rain  experienced  during  the 

l^ECEMBER,    1897.] 
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excursion,  a  party  visited  the  Calton  Hill  under  the  same 
guidance.  It  is  unnecessary  to  describe  these  excursions,  as 
the  locality  has  been  so  fully  dealt  with  by  Mr.  Goodchild  on 
p.  125  of  this  volume.  The  excursions  proper  are  described 
below. 


LONG    EXCURSION.— BATHGATE   HILLS. 

Monday,  July  26th,  1897. 

Director:  Prof.  James  Geikie,  LL.D.,  F.R.S.  L.  and  E.,  F.G.S. 

(^Riport  by  The  DIRECTOR.) 

The  party  reached  Bathgate  at  10  o'clock,  and  made  at  once  for 
the  hills.  Near  Kirkton  the  Director  gave  a  short  outline  sketch 
of  the  geological  structure  of  the  district.  The  ground  to  be 
traversed  showed  a  great  succession  of  basalt-rocks  with  occasional 
tuffs,  interstratified  with  which  were  limestones,  sandstones,  and 
shales.  The  strata  ranged  from  the  Calciferous  Sandstone  series 
up  to  the  top  of  the  Carboniferous  Limestone.  The  lowest  bed 
visited  was  a  fissile  cherty  limestone,  seen  in  the  old  quarry  at 
Kirkton.  The  limestone  itself  was  fairly  well  exposed,  but  the 
overlying  sedimentary  beds  were  somewhat  obscured.  Much 
tuffaceous  matter  is  distributed  through  the  limestone,  the  rock 
itself  being  abundantly  interlaminated  with  chert,  showing  in  places 
much  puckering,  and  very  frequently  a  kind  of  brecciiform 
character.  Obscure  plant  remains  were  seen  in  the  limestone, 
which  is  believed  to  be  of  freshwater  origin.  It  is  underlaid  by 
tuff  and  basalt,  and  the  overlying  shaly  beds  are  also  very 
tuffaceous  in  places.  These  last  were  directly  covered  by  a 
somewhat  vesicular  basalt-rock  much  decomposed.  From  the 
upper  part  of  the  shaly  beds,  just  below  the  basalt,  a  number  of 
Carboniferous  plants  were  ©btained,  referable  chiefly  to  Lepido- 
dendron^  Calamites^  and  Sigiiiaria,  The  party  next  struck  west 
in  the  direction  of  dip,  passing  over  basalts  with  an  intercalated 
bed  of  marine  limestone.  Unfortunately  the  old  quarries  in 
which  this  limestone  was  formerly  worked  are  now  completely 
overgrown,  and  the  rock  could  not  be  examined.  Traversing  the 
outcrop  of  this  limestone  and  the  overlying  basalts,  the  outcrop 
of  the  main  limestone  (Hurlet  seam)  was  reached,  and  a  halt  was 
made  in  order  to  hunt  for  fossils.  These,  although  abundant, 
are  not  readily  broken  out  of  the  rock,  and  the  calcareous  shales 
which  accompany  the  limestone  are  not  now  exposed.  Amongst 
the  fossils  obtained  were  various  corals  (Auhphyllum^  Zaphrtntis^ 
Lithostrotion\   a  number  of  brachiopods  (Productus  giganteus^ 
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semireHcuiaius,  Spiriftray  Terebratula^  etc.),  some   molluscs 
.-^^^Jleraphan^  Pinna,   Orthoceras\  and    a  polyzoon  {Fenestelia), 
'^  x^ains,  patches,  and  seams  of  bitumen  were  observed  in  cracks 
joints  in  the  limestone.     At  the  Gala  Braes  specimens  of  a 
grained   basalt   were  obtained.      This  rock   is    intrusive — 
rently  a  sheet  or  sill.     The  old  limestone  quarry  near  the 
^^xx€xk  was  next  visited.     The  rock  here  is  another  outcrop  of 
"Hurlet,"  showing  the  same  characters  as  in  the  quarries 
dy  inspected.     It  is  underlaid  by  bedded  tuff,  and  capped 
lava-form  basalt.     The  party,  however,  was  interested  in  the 
tion  which  exhibited   one  of  the  well-known  east-and-west 
dykes  which  here  cuts  across  the  limestone  strata.     The 
e  was  well  exposed,  tjie  strata  having  been  removed  on  one 
,  so  that  the  butt-ends  of  the  irregular  columns  could   be 
clied  in  detail.     This  vertical  rock-face  was  glacially  smoothed, 
:3  showed  parallel  striae  pointing  from  west  to  east.     The  party 
ving    rested    here  for    luncheon,    passed   on    to   the   South 
nes  quarry,  where  a  considerable  series  of  strata  was  seen  in 
tion.     The  limestone  (Hurlet  seam)  is  here  overlaid  by  50 
t  or  thereabout  of  sandstones  and  shales.     Plant  remains  were 
n  both  in  shales  and  sandstones,  but  none  in  a  good  state  of 
'^sservation.      Ripple  marks,  worm  tracks,  and  worm   borings 
^Te  common  in  the  sandy  shales.     A  thin  dyke  of  basalt  was 
pected.     The  rock  was  fine-grained,  and  in  contact  with  the 
ck  shales  had  been  converted  into  **  white  trap."    At  Silver- 
mnes  the  site  of  certain  old  mines  from  which  galena  and  other 
were  formerly  obtained  was  pointed  out.     The  veins,  how- 
,  could  not  be  inspected,  a  few  fragments  of  galena  in  some 
C  the  old  rubbish  heaps  being  all  that  can  now  be  seen. 

The  party  then  left  the  outcrop  of  the  Hurlet,  and  walked 

stward  to   Tartraven,  where  a  thin   marine   limestone,  inter- 

ti-atified    with   basalt,  crops  out  at  a  lower   horizon  than  the 

tirlet.     This  thin  limestone  is  believed  to  be  the  same  seam  as 

^^^^sx  which  occurs  at  some  little  distance  above  the  freshwater 

limestone  at  Kirkton,  and  which,  as  already  mentioned,  is  now 

^'^^irely  obscured.     Unfortunately  the  old  quarry  at  Tartraven 

P«"oved  to  be  similarly  obscured — the  section  being  quite  covered 

^P  and  overgrown.     Leaving  Tartraven,  the  party  struck  north- 

^^^'ds,  skirting  the  Riccarton  Hills,  which  consist  of  a  succession 

^^  Nbdded  basalts ;  and  again  at  Bee  Craigs  one  of  the  great  east- 

^Jid-wesi  dykes  was  encountered.     This  dyke  attains  a  thickness 

^'   200  feet.     Continuing  northwards,  the  Hurlet  limestone  was 

?8^in  met  with  at   Hillhouse.     Here  it  is  overlaid   by  bedded 

^^It,  showing  beautiful  columnar  structure,  which  was  much 

^^mired. 

-       The  afternoon  being  now  well  advanced,  Linlithgow  was  made 

^'"»      The  road  thither  offered  no  particular  object  for  study.     It 

€rses  the  basalts  which  overlie  the  Hurlet.     Near  Preston 
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House,  however,  it  crosses  )et  another  of  the  east-and-west 
basalt  dykes.  Linlithgow  was  reached  in  time  to  allow  of  a  brief 
inspection  of  its  famous  palace — the  former  residence  of  Scot- 
tish royalty. 


LONG  EXCURSION.— THE  PENTLAND   HILLS. 

Tuesday,  July  27TH,  1897. 

Director:  J.  G.  Goodchild,  F.G.S.,  F.Z.S. 
(^Report  by  R.  S.  Herries,  M.A.,  Sec.  G.S.) 

Leaving  the  Caledonian  Station  by  the  9.50  train,  the  party 
arrived  at  Balemo  at  10.21.  They  then  walked  southwards  across 
Lower  Carboniferous  Beds  to  Bavelaw  Castle,  near  which  they 
visited  a  small  quarry  in  highly  inclined  Silurian  Rocks  (Ludlow). 
The  Director  explained  that  these  Silurian  Rocks  form  the  core 
of  the  Pentlands,  and  that  on  their  upturned  edges  rest  uncon- 
formably  the  great  Old  Red  Series  (Caledonian  Old  Red)  of  the 
Pentlands,  as  well  as  the  Upper  Old  Red  and  the  Carboniferous 
Beds  (see  plate  VI.).  At  this  quarry  a  few  fossils  were  obtained, 
and  some  basalt  dykes  were  pointed  out.  The  party  then  pro- 
ceeded into  the  heart  of  the  Pentlands  amid  the  most  lovely 
scenery,  the  path  taking  them  between  Hare  Hill,  where  the 
nearly  horizontal  beds  of  the  Upper  Old  Red  were  well  seen,  and 
Black  Hill,  which  is  a  microgranite  intrusion  of  Old  Red  age. 
At  Loganlee  the  Conglomerates  at  the  base  of  the  great  Old  Red 
Volcanic  series,  called  by  the  Director  the  Caledonian  Old  Red, 
were  well  seen  by  the  side  of  the  burn,  and  yielded  many  beautiful 
pieces  of  jasper  and  other  rocks.  This  conglomerate  rests  on 
Silurian  rocks,  similar  to  those  seen  at  Bavelaw  Castle,  and  some 
time  was  allowed  the  members  to  search  for  fossils.  Before 
leaving  this  spot  the  Director  made  some  remarks  on  the 
glaciation  of  the  district,  and  he  pointed  out  the  well-known 
boulder  of  mica  schist  from  the  Highlands,  mentioned  on  page 
121.  Scald  Law  was  then  climbed,  and  in  descending  the  eastern 
slopes  the  great  volcanic  series,  consisting  of  andesites  and 
trachytes  with  occasional  beds  of  tuff,  was  traversed.  In  an 
exposure  of  one  of  the  latter  attention  was  drawn  to  a  globular 
structure,  which  has  been  recognised  as  caused  by  raindrops 
falling  through  an  atmosphere  charged  with  fine  volcanic  dust 
At  the  foot  of  the  hills  the  "  porphyrite  "  of  Carnethy  was  seen, 
and  some  beautiful  specimens  of  the  included  agates  obtained 
(page  121).  A  fault  there  brings  down  the  Carboniferous  again, 
and  the  way  lay  across  these  beds  to  Penicuik,  whence  the  return 
to  Edinburgh  was  made  by  the  6.30  train. 
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LONG    EXCURSION.— STIRLING. 

Wednesday,  July  28th,  1897. 

Director,  H.  W.  Monckton,  F.L.S.,  F.G.S. 
{Report  fy  The  Director.) 

It  had  been  hoped  that  Sir  James  Maitland,*  a  member  of  the 
Association,  would  have  directed  the  party  on  this  occasion,  but 
unfortunately  he  was  detained  in  Edinburgh  by  business,  and 
Mr.  Monckton  acted  as  Director.  Mr.  Goodchild  also  was  pre- 
sent, and  gave  much  assistance. 

The  members,  some  fifty  in  number,  travelled  from  Edinburgh 
to  Stirling  by  the  Forth  Bridge  route,  and  on  arrival  carriages 
were  found  ready,  and  a  start  was  soon  made  for  Sauchie  Muir. 

After  leaving  the  town  the  broad  flat  plain  through  which  the 
River  Forth  flows  was  seen  stretching  away  to  the  north  and  east. 
It  is  formed  of  marine  alluvium,  and  has  been  classed  with  the 
50  feet  Raised  Beach.  The  too  feet  Raised  Beach  was  passed  at 
the  village  of  St.  Ninians,  where  the  road  runs  along  it  for  a  short 
distance,  but  no  sections  were  seen. 

At  about  two  miles  from  Stirling  the  road  passes  close  to  the 
battle-field  of  Bannockburn,  and  the  Bannockburn  itself  was 
crossed  near  the  village  Whins  of  Milton. 

Reaching  Sauchie  the  road  runs  in  a  westerly  direction  along 
the  north  side  of  the  ravine,  which  follows  the  line  of  a  long  east- 
and-west  fault.  In  this  ravine  the  burn  flowing  out  of  Loch 
Coulter  passes  the  great  mass  of  intrusive  dolerite  which  forms 
such  a  conspicuous  feature  in  the  scenery  near  Stirling.  The 
** Jew's  Quarry"  in  the  dolerite  was  passed,  but  there  was  not 
time  to  examine  it.     The  quarry  has  been  already  mentioned  in 

our  Proceedings,  t 

The  party  left  the  carriages  close  to  a  ford  on  the  Bannock- 
burn near  Todholes,  and  assembled  on  an  esker,  where  the 
Director  gave  an  account  of  the  geology  of  the  district.  J  A 
small  section  in  the  esker  was  then  noticed,  and  the  esker  seen 
to  be  composed  of  stratified  sand  and  gravel. 

The  party  then  walked  some  distance  up  the  Bannockburn, 
and  collected  fossils  from  the  Hurlet  Limestone,  and  from  some 
dark  calcareous  shales  associated  with  it. 

Returning  to  the  ford,  the  members  walked  across  some  fields 
and  along  the  foot  of  Sauchie  Craig,  which  is  capped  by  the 

*  As  these  pages  go  to  pre<is,  we  regret  to  hear  of  the  death  of  our  kind  host,  Sir  Jas. 
R.  G.  Maitland,  Bart.,  F.L.S.,  F.G.S  —Ed. 
t  Vol.  xii,  p.  249. 
\  See  vol.  xii,  p.  242,  and  ante  p.  152. 
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intrusive  dolerite  already  mentioned,  and  in  the  face  of  which 
are  disused  workings  in  the  Hurlet  Limestone.  At  the  foot 
of  the  crag  are  mounds  and  humps  of  interbedded  igneous 
rock — the  Porphyrite  of  the  Geological  Map. 

The  party  then  turned  east  down  a  ravine  towards  the  house 
at  Sauchieburn.  The  top  of  this  ravine  is  at  the  small  patch  of 
bedded  rock  marked  about  half-way  down  the  left  side  of  the 
Sketch  Map,  Fig.  3,  ante  p.  154.  In  this  j)atch  are  excellent 
springs,  which  give  rise  to  the  small  burn  running  past  the 
house.  On  the  north  of  this  ravine  the  dolerite  gradually  slopes 
down  to  the  east  (as  shown  in  Fig.  2,  p.  153),  so  that  at  a  small 
quarry,  marked  4  on  the  Sketch  Map,  the  members  were  able  to 
see  the  junction  of  the  igneous  rock  with  overlying  shales.*  On 
the  south  side  of  the  ravine  the  dolerite  descends  much  more 
gradually,  and  at  Sauchieburn  forms  the  capping  of  a  high  cliff 
which  faces  north-east,  the  bottom  of  the  dolerite  almost  coin- 
ciding with  the  400  feet  contour  line  (see  Sketch  Map). 

In  the  lower  part  of  this  cliff,  then,  are  the  small  tongues  and 
patches  of  igneous  rock,  marked  6,  8,  9,  10,  11  in  the  Sketch 
Map.  The  Director  said  he  thought  these  patches  were  un- 
doubtedly connected  with  the  great  mass  of  dolerite  at  the  top 
of  the  cliff,  and  that  they  were  of  considerable  interest 
Unfortunately,  there  was  not  time  to  examine  them.  He  men- 
tioned that  Sir  James  Maitland  had  found  a  patch  of  dolerite  at 
the  top  of  the  cliff  (locality  5  on  Sketch  Map),  where  the  rock 
is  strongly  magnetic ;  and  a  specimen  lying  by  the  side  of  the 
path  was  tested  with  a  compass  by  some  of  the  members. 

On  arrival  at  the  house  at  Sauchieburn,  the  members  were 
received  by  Miss  Maitland  and  entertained  at  luncheon,  at  the 
conclusion  of  which  the  President  proposed  a  vote  of  thanks  to 
Sir  James  and  Miss  Maitland  for  their  kind  hospitality,  and  Miss 
Maitland  replied,  saying  that  her  father  gready  regretted  his 
inability  to  be  present. 

Leaving  Sauchieburn,  the  members  drove  to  the  Howietown 
Fishery,  where  they  were  received  by  Mr.  Thompson,  the 
manager,  who  led  the  way  to  the  various  ponds  and  explained 
the  system  of  working  at  a  trout  farm. 

Some  of  the  members  were  led  by  Mr.  Goodchild  to  a  large 
quarry  in  the  intrusive  dolerite  at  Millholm,  and  the  party  then 
started  on  the  return  drive  to  Stirling,  and  left  by  the  5.55  p.m. 
train  for  Edinburgh. 

*  At  the  Conversazione  on  November  3rd,  Mr.  W.  I.  Atkinson  exhibited  a  spedmen 
from  this  quarry  showing  the  junction  of  the  dolerite  and  the  shale  with  fossils.  On  one  side 
waN  a  fragment  of  a  Praductus,  and  on  the  other,  igneous  rock 


LONG   EXCURSION  TO   EDINBURGH   AND   DISTRICT.  20$ 


LONG    EXCURSION.— BURNTISLAND    AND 

KINGHORN. 

Thursday,  July  29TH,  1897. 

Director:  J.  G.  Goodchild,  F.G.S.,  F.Z.S. 

(^Report  by  R.  S.  Herries.) 

The  party  left  the  Waverley  Station  at  9.50  for  Burntisland,  on 
the  coast  of  Fife,  via  the  Forth  Bridge.  The  first  section 
inspected  was  a  cutting  on  the  railway,  which  had  been  passed 
through  in  the  train  shortly  before  reaching  the  station.  The  rock 
here  had  only  recently  been  recognised  as  a  picrite,  and  the 
Director  drew  attention  to  the  formation  of  "white  trap"  at  the 
junction  between  the  intrusive  and  sedimentary  rocks  (p.  138). 
The  party  then  climbed  the  hill  to  the  Grange  Quarry,  noticing 
some  fragments  of  Gran  ton  Shales  on  the  way,  from  which 
coprolites  and  other  fish  remains  were  obtained.  In  the  quarry 
the  Burdiehouse  Limestone,  a  thin  but  persistent  bed,  is  exposed. 
The  ascent  was  continued  till  the  summit  of  the  Binn  of  Burntis- 
land was  reached,  where  a  halt  was  made  for  luncheon  and  for  the 
examination  of  the  very  fine  sections  of  volcanic  agglomerate  (see 
p.  137).  The  Director  explained  that  this  mass  of  agglomerate 
was  an  old  neck,  and  that  from  this  point  in  all  probability  a  large 
proportion  of  the  great  mass  of  lavas  and  tuffs  to  the  immediate 
north  and  east  had  been  emitted.  The  agglomerate  is  traversed 
by  several  basaltic  dykes.  While  on  this  elevated  spot,  from 
which  a  very  fine  view  of  the  Firth  of  Forth  was  obtained,  the 
Director  took  occasion  to  make  some  remarks  about  the  depression 
and  elevation  of  the  land  since  the  Tertiary  period.  The  many 
islands  which  were  seen  dotted  about,  were,  he  said,  the  tops  of 
old  hills ;  after  partial  or  complete  submergence  these  had 
been  brought  again  to  light  by  the  elevation  of  the  land,  evidence 
of  which  was  to  be  seen  in  the  raised  beaches,  four  of  which  at 
different  levels  were  to  be  seen  from  that  spot.  Coming  down, 
there  was  no  time  to  visit  the  Oil  Shale  Works,  though  the 
Director  pointed  out  the  character  of  the  shale,  as  some  heaps 
of  tipped  material  were  passed.  The  shales  were  seen  to  contain 
abundant  fish  scales,  and  a  few  teeth  were  obtained.  The 
Dodhead  Quarry  was  next  visited,  and  the  classic  example  of  a 
"  White  Trap "  intrusion  was  observed  with  much  interest  (see 
P-  139)'  The  trap  has  forced  its  way  up  through  the  strata  to  a 
certain  level,  and  then  spreads  horizontally  between  the  layers  of 
stratified  rock.  On  one  side  it  dies  out  quickly,  but  on  the 
other  it  continues  throughout  the  exposure,  some  200  feet.  A 
photograph  of  this  intrusion,  by  Mr.  H.  C.  McNeill,  is  reproduced 
on  Plate  VIII  A.  The  figure  in  the  centre  is  pointing  out  the 
root  of  the  intrusion,  while  that  on  the  right  marks  the  point 
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at  which  the  sheet  thins  out  in  that  direction.  The  figure  on  the 
left  has  his  hand  on  the  bottom  of  the  sheet  of  trap  on  thi^  aide. 
Time  did  not  allow  of  an  examination  of  the  lavas  at  Pettycor 
Point,  but  they  were  well  seen  in  the  fine  cliff  overhanging  the 
road,  known  as  King  Alexander's  Crag.  Passing  through  King- 
horn,  the  shore  at  Abden  was  visited,  and  the  higher  limestone 
bands  of  Yoredale  age  interstratified  with  lavas  and  tuffs  were 
seen.  Here  a  search  was  made  for  the  Bone  Bed  (see  p.  143)1 
but,  unfortunately,  none  of  the  party  was  successful  in  hitting 
upon  it.  The  return  to  Edinburgh  was  made  from  Kingfaom 
at  5.51.  Later  on,  the  members  dined  together  at  the  Clarendon 
Hotel,  the  Directors  being  the  guests  of  the  evening. 


LONG  EXCURSION.—COCKBURNSPATH. 

Friday,  July  30TH,  1897. 

Director:  J.  G.  Goodchild,  P\G.S.,  F.Z.S. 

{Report  hy  R.  S.  Herries.) 

A  START  was  made  nominally  at  10.20  from  the  Waverley  Station, 
the  express  being  specially  stopped  at  Cockbumspath,  but  owing 
to  the  trains  from  the  north  being  very  late,  considerably  more 
than  an  hour  was  lost,  which  necessitated  some  curtailment  of  the 
programme.  Cockbumspath,  or  Copeth,  which  is  in  Berwick- 
shire, is  situated  at  the  junction  of  the  Lower  Carboniferous  with 
the  Upper  Old  Red  Sandstone.  The  party  proceeded  along  the 
clifl  about  three  miles  to  Siccar  Point,  where  on  the  shore  a 
magnificent  unconformable  junction  is  seen.  Here  the  gently 
dipping  beds  of  the  Upper  Old  Red  rest  like  tables  on  the  edges 
of  the  almost  vertical  Silurian  beds,  striking  at  right  angles  to  the 
coast.  These  beds  belong  to  the  Gala  series,  and  are  the 
equivalent  in  age  of  the  Tarannon  Shales  of  Wales.  This  fine 
junction  is  represented  on  Plate  VHI  B.,  reproduced  from  a  photo- 
graph by  Mr.  H.  C.  McNeill.  A  halt  was  made  here  for 
luncheon,  and  an  excellent  group  of  the  party  was  taken  by  Mr. 
James  Pringle,  of  Copeth,  who  had  accompanied  the  excursion. 
Proceeding  along  the  coast  southwards,  the  beds  of  the  Upper 
Old  Red  were  examined,  and  at  least  one  specimen  of  a 
Holoptychius  scale  was  picked  up.  The  party  then  went  inland 
to  the  Old  Cambus  Quarry,  where  the  highly  inclined  and  folded 
beds  of  the  Gala  group  of  the  Silurian  were  again  seen.  Some 
time  was  spent  here  in  searching  for  graptolites,  and  most  of  the 
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— Unconfohmablb  Junction  of  Uiu'er  Old  Red  Sandstone  a 
Silurian  (Gala  Beds),  Siccak  Point,  Berwickshire. 

{Fn-i  /*a/«™/*i  iy  H.  C,  McNtiLi,  A.R.S.M.) 
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lembers  were  well  rewarded.  On  the  return  to  Cockburnspath 
le  Peasebum  was  crossed,  a  very  picturesque  example  of  a  dene, 
:>out  the  formation  of  which  the  Director  made  some  remarks 
ce  page  122).  The  return  to  Edinburgh  was  made  by  the 
«3  train. 


LONG    EXCURSION.— ELIE    AND    ST.     MONANS. 

Saturday,  July  31ST,  1897. 
'director:  Prof.  James  Geikie,  LL.D.,  F.R.S.  L.  and  E.,  F.G.S. 

{Report  by  THE   DIRECTOR.) 

X    was   at    first    intended    that   the  party  should  proceed  to 
>t.  Monans,  and  work  back  along  the  coast  to  Elie ;  but  as  the 
Host  interesting  and  important  sections  occur  nearest  to  the  last- 
named  place,  and  the  tide  was  flowing,  it  was  considered  advisable 
to   visit  the  best  sections  first.     The  party  assembled  at   Elie 
Harbour,  in  the  centre  of  one  of  the  remarkable  volcanic  necks 
for  which   this  part  of  Fife  is  so  noted.     Here  the  Director 
gave  a    short     outline     of    the    various    geological    features 
to  be  studied.     The  region  to  be  traversed  lay  wholly  within  the 
Carboniferous  area,  the  strata  representing  the  base  of  the  Lime- 
stone series  and  the  upper  portion  of  the  Calciferous  Sandstone 
series.    At  Elie  the  prevalent  dip  is  towards  the  west,  while  at  St. 
Monans  the  inclination  of  the  strata  is  easterly.     At  these  two 
places  the  basement  beds  of  the  Limestone  series  are  exposed, 
the  stretch   of    coast-line  between    them    showing    the    upper 
members  of  the  underlying  Calciferous  Sandstones  disposed  in  a 
series  of  more  or  less  gentle,  but  sometimes  sharp,  anticlines  and 
synclines.     Between  Elie  and  St.  Monans  no  fewer  than  nine 
volcanic  necks  are  exposed,  and  the  main  object  of  the  Excursion 
*as  the  examination  of  these  and  their  relation  to  the  rocks  they 
traverse. 

At  Elie  Harbour  many  interesting  features  were  observed. 
The  strata  at  the  line  of  junction  with  the  neck  were  much 
jumbled  and  shattered,  often  dipping  in  towards  the  neck  at  a 
^h  angle,  and  even  in  places  standing  on  end.  Here  and  there, 
^^  the  sandstones  were  baked  and  hardened  so  as  to  resemble 
quartzite  and  porceUanite.  The  neck  was  filled  with  agglomerate 
and  tuff— the  rock  fragments  consisting  of  sandstone,  shale,  lime- 
stone, basalt,  diabase,  etc.  These  fragmental  materials  showed  a 
^nd  of  rude  bedding,  having  a  distinctly  centroclinal  dip.  Thin 
^ykes  and  veins  of  basalt  cut  across  the  neck,  and  the  adjacent 
**ndstones  and  shales.  Similar  features  characterised  most  of  the 
"ccks  subsequently  visited,  but  were  nowhere  better  displayed 
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than  at  Elie  Harbour.  The  next  neck  examined  was  that  of 
Shepherd  Law,  which  measured  not  far  short  of  twenty  chains  in 
diameter,  or  about  twice  the  width  of  the  neck  at  Elie  Harbour. 
The  junction  of  the  agglomerate  of  Shepherd  Law  with  the 
Carboniferous  strata  was  particularly  well  seen.  Here  the  latter 
were,  as  usual,  jumbled  and  smashed  and  much  hardened  and  baked 
in  places.  Searching  the  tuff,  the  party  obtained  a  number  of 
large  broken  crystals  of  hornblende  and  sanidine,  scales  of  biotite 
and  small  garnets  (pyrope).  Sanidine  and  hornblende  were  also 
met  with  in  the  necks  seen  between  Shepherd  Law  and  Ardross 
Castle.  At  the  latter  place  a  thin  limestone  crops  out.  It  is 
overlaid  by  shales,  and  underlaid  by  a  few  inches  of  blue  clay, 
underneath  which  occurs  a  thin  la)er  of  coal  resting  upon  a 
sandy  underclay  full  of  Stigmaria,  The  shale  above  the  lime- 
stone yielded  many  joints  of  crinoids  and  a  number  of  other  fossils, 
including  Productus^  Lingula^SchizoduSyAviculopecten^  Bellerophony 
NautiiuSy  etc.  The  large  neck  of  Coalyard  Hill  was  next  crossed. 
Here  the  agglomerate  presented  much  the  same  features  as  had 
already  been  studied — the  party  being  particularly  interested  in 
the  appearance  of  several  dykes  and  veins  of  white  trap,  which 
cut  across  the  junction  of  the  neck  with  the  surrounding  shales 
and  sandstones.  Near  Newark  Castle  two  small  necks  were  en- 
countered. Neither  of  these  exceeds  forty  yards  across,  yet  each 
shows  all  the  characteristic  features  of  such  structures.  The 
strata  at  this  place  are  thrown  into  a  series  of  sharp  anticlines  and 
synclines,  are  much  jumbled  in  places,  and  traversed  by  irregular 
intrusions  of  white  trap.  Two  thin  limestones  crop  out  here,  and 
the  shales  associated  with  them  yielded  a  few  fossils — chiefly 
Lithostrotiofiy  Aulophylluniy  PoteriocrinuSy  Fenestella^  Productus 
(several  species),  Orthis^  Rhynchonellay  Spirt/era,  etc.  These 
limestones  dip  east  at  a  high  angle  below  sandstones  and  shales, 
which  are  immediately  truncated  by  the  large  neck  at  St.  Monans. 
Traversing  this  neck  the  party  found  themselves  upon  the  out- 
crops of  the  bottom  limestones  of  the  Scottish  Carboniferous 
Limestone  Series.  The  tide,  however,  had  now  come  in  too  far 
to  permit  of  a  hunt  for  fossils,  and  the  examination  of  the 
volcanic  phenomena  had  occupied  so  much  time,  that  it  was 
necessary  to  make  for  the  railway  station  on  the  return  journey. 
A  pleasant  saunter  of  two  and  half  miles  brought  the  parly  bade 
to  Elie  in  time  for  the  4.10  p.m.  train  to  Edinburgh. 

This  ended  the  official  excursion,  but  a  considerable  number  of 
the  members  who  remained  in  Edinburgh  were  able  to  have  the 
further  advantage  of  Mr.  Goodchild's  leadership  in  an  interest- 
ing ramble  over  Blackford  Hill  (see  page  139),  and  a  visit  to  the 
collection  of  Scottish  Geology  and  Mineralogy  in  the  Edinburgh 
Museum  of  Science  and  Art. 
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EXCURSION    TO    WHITCHURCH,    OVING,    AND 

QUAINTON. 

Saturday,  September  4Th,  1897. 

Director:  A.  M.  Davies,  B.Sc,  F.G.S. 

Excursion  Secretary:  A.  C.  Young,  F.C.S. 

{Report  by  THE   DIRECTOR.) 

0^'ING  to  the  uncertainty  of  the  weather,  only  a  small  party 
^^sembled  at  Waddesdon  Manor  Station,  shortly  before  half-past 
^'^ven.    A  sharp  half-hour's  walk  brought  them  to  Pitchcott  Hill, 
'^'Jere  the  Director  pointed  out  the  features  of  the  surrounding 
country.    In  the  distance,  south-westwards,  the  Chalk  escarpment 
Pf  the  Chilterns  bounded  the  view.     Between  was  the  low-lying 
y^Ie  of  Aylesbury,  with  its  floor  of  Gault  and  Kimeridge  clay, 
dotted  with  small  hills  and  patches  of  rising  ground,  every  one  of 
J^hich  was  capped  by   Portland    Beds,   with   "  Purbeck "  and 
Lower  Greensand "  at  the  top  in  many  cases.     The  most  con- 
spicuous of  the  Greensand  outliers  was  that  on  which  Waddesdon 
^anor  stood — a  landmark  for  miles  around. 

The  walk  was  continued  to  Oving,  and  here  in  a  pit  dug  in 
market  gardens  east  of  the  village  the  following  section  was 

Ft.    In. 
1$.  Soil  [and  Drift  ?] i     o 

14,  "Lower  Greensand" 20 

Unconformity. 

13.  Limestone 07^ 

12.  Clay 02 

II.  Limestone 02^ 

10.  Clay 02 

9.  Crumbly  Limestone  with  Ostracods  and  Fish-scales  .  i     2 

8.  Shaley  Clay  with  Ostracods 08 

7.  Limestone 01^ 

6.  Marl 05 

5.  Sand  .........  2     3 

4.  Clay Q    i\ 

3.  Sandy  Limestone o    5i 

2.  Clay 03 

I.  Massive  Limestone  with  Tngonia^  etc.        ...  3     6 
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The  line  between  Portland  and  "  Purbeck  "  may,  perhaps,  be 
^rawn  below  No.  8,  though  comparison  with  a  section  described 
^y  the  late  Prof.  Green  from  near  by*  would  suggest  that  it 

^  H.  B.  Woodward,  "Jurassic  Rocks  of  Britain, '  vol.  v,  p.  228,  Mem.  Geol,  Survey. 
^EXTEMBER,    1 897. J  I  5 
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should  come  at  the  bottom  of  No.  2.     The  Greensand  dies  out 
a  few  yards  to  the  north  of  this  pit. 

In  another  exposure  in  the  same  fields  massive  Portlandian 
was  seen  overlying  clayey  beds,  with  limestone  again  below. 
At  one  point  a  large  mass  of  the  upper  limestone  seemed  to 
have  slipped  down  into  the  clays,  squeezing  them  out  to  either 
side.  Yet  the  top  of  the  series  was  quite  level,  and  on  it  rested 
a  remarkable  clay  with  rounded  pieces  of  limestone.  The  Director 
was  uncertain  what  age  to  give  this  clay. 

The  next  pit  examined  was  on  the  south  side  of  the  road, 
a  little  nearer  to  Whitchurch.  Here  the  following  section  of 
"  Lower  Greensand  "  was  exposed : 

Ft.  In. 

Soil  and  Drift  with  Flints,  etc.,  about 10 

White  Calcareous  Clay S     ^ 

Ironstone 06 

Sand  (yellow,  some  bands  clayey,  ironstone  at  base)    .  26 

Fine  White  Sand  (yellow  in  parts) 60 

The  whole  dipping  to  the  east. 

These  beds  have  a  general  similarity  to  those  at  Stone ;  but 
the  sand,  as  far  as  exposed,  is  finer,  and  free  from  pebbles.  A 
few  pebbles,  however,  were  found  in  the  ironstone  bands.  As  to 
age,  it  might  be  anything  between  Purbeck  and  Gault. 

The  party  proceeded  to  Whitchurch  village,  where  the  outcrop 
of  Portland  Stone  in  the  roadway  was  noted  ;  and  after  lunch  a 
clay-pit  was  visited  near  the  fork  in  the  road  at  the  south  end  of 
the  village.  This  is  stated  to  be  Kimeridge  rather  than  Hartwell 
Clay;  but  the  sections  were  obscure,  and  nothing  but  small 
oysters  (Exogyra  nana  ?)  and  fragments  of  Ammonites  biplex  were 
found  on  the  spoil  heaps.  Following  the  North  Marston  road 
to  the  eastern  crest  of  the  hill,  a  small  quarry  showing  Port- 
land Stone  overlying  glauconitic  sand  was  examined;  this 
was  the  first  exposure  seen  of  the  "  Portland  Sands "  of  the 
Survey  Map.  These  do  not  correspond  to  the  similarly-named 
sands  of  Dorset,  as  they  are  Upper  Portlandian.  From  the  lime- 
stone above  them  numerous  fossils  (chiefly  casts)  were  obtained  : 
Trigonia  gibbosa,  Cardium  dissimile^  Cerithium  portlandicum^ 
Natica^  Ostrea,  etc. 

The  party  next  made  their  way  to  Quainton  Road  Station, 
and  a  short  walk  down  the  line  brought  them  to  the  termination 
of  the  new  line  of  the  Great  Central  Railway  (better  known  as  the 
Manchester,  Sheffield  and  Lincolnshire).  In  the  cuttings  there 
large  specimens  of  Gryp/uea  dilatata  were  soon  found  in 
abundance,  indicating  that  Oxford  Clay  had  been  reached  with- 
out any  sign  of  Corallian  beds  intervening  between  it  and  the 
Kimeridge  Clay.  The  Corallian  is,  in  fact,  represented  here  by 
clay,  so  that  both  its  upper  and  lower  boundaries  are  difficult 
to  determine.  That  at  this  point  the  lower  boundary  was  close 
at   hand  was   suggested  by   the  finding  of  an  Ostrea   discoidea^ 
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characteristic  of  the  Ampthill  Clay  (Corallian)  of  Bedfordshire.  In 
the  hrickfield  adjoining  the  railway  a  few  small  oysters  were  picked 
up ;  the  Director  had  found  BeUmnites  and  Ammonites  cordaius 
here  on  a  previous  visit.  A  block  of  limestone  (apparently  from 
a  stone>bed  in  the  clay)  was  noticed,  and  specimens  taken. 

An  excellent  tea  at  the  Five  Arrows,  Waddesdon,  com- 
pleted an  excursion  that  was  a  decided  success,  the  weather 
having  cleared  in  the  afternoon,  and  the  whole  programme  of  a 
rather  long  walk  having  been  carried  out  over  ground  quite  new 

to  the  Association. 

REFERENCES. 

Geological  Survey  Map,  Quarter-sheets  46  S.W.  [and  45  S.E.].     Price  3s.  each. 
Geological  Index  Map,  Sneet  12.     Price  2s.  6d.  (colour  printed.) 
Ordnance  Survey  Map  (New  Series),  Sheets  219  [and  237.]     Price  is.  each. 
[The  maps  withm  square  brackets  cover  only  a  very  small  part  of  the  district.] 

1827.    FrrrON,  W.  H.— **  Strata  below  the  Chalk.**     Trans,  Geol.  Soc.,  vol.  i, 

p.  26. 
1 880.    Blake,  J.  F.— "  Portland  Rocks  of  England."     Quart,  Journ,  Geol,  Soc.^ 

vol.  xxxvi,  p.  i8g. 
1895.    Woodward,  H.  B.— "Jurassic  Rocks   of  Britain."    Vol.  v.     Mem. 

Geol.  Survey. 
1897. . — "  Geology  of  the  .  .  .  Railway  .  .  .  to  Quainton 

Road,  near  Aylesbury."     Geol,  Mag.  (March)  dec.  iv,  vol.  iv,  p.  105. 


EXCURSION  TO   OTFORD  AND  THE  HOLMESDALE 

VALLEY. 

Saturday,  September  iSth,  1897. 

Director:  A.  Santer  Kennard. 

Excursion  Secretary :  A.  C.  Young,  F.C.S. 

{Report  by  THE  DIRECTOR.) 

On  arrival  at  Otford  the  party  proceeded  to  the  large  disused 
chalk-pit  adjoining  the  station.  The  President  announced  that 
through  unforeseen  circumstances  Mr.  W.  J.  Lewis  Abbott,  who 
had  intended  to  act  as  Director  of  the  excursion,  was  unable  to 
be  present,  but  that  Mr.  A.  Santer  Kennard  had  most  kindly 
volunteered  to  take  his  place.  Mr.  Kennard  then  pointed  out  that 
the  chief  feature  of  interest  in  the  section  was  a  rainwash  over- 
lying the  Chalk.  This  deposit  varies  from  one  to  six  feet  in 
thickness,  and  contains,  especially  at  the  base,  large  quantities  of 
land  shells.  All  the  species,  with  one  exception,  may  be  found 
now  living  in  the  district.  The  age  of  the  deposit  is,  without 
doubt,  post- Roman,  as  proved  by  a  Roman  bronze  pin  found  by 
the  Director  at  the  base  of  the  hillwash  resting  on  the  surface 
of  the  Chalk.  Other  Roman  remains  were  collected  by  mem  ers 
December,  1897.] 
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ON    ROMNEY    MARSH. 

By  GEORGE  DOWKER,  F.G.S. 

(Plate  IX.) 

{Read  April  2nd,  tSgrf.) 

THE  subject  of  this  paper  includes  the  area  of  the  south  of 
Kent  and  Sussex,  known  as  Romney  Marsh  proper,  with 
the  districts  of  the  Walland,  Guildford,  and  Denge  Marshes, 
which  stretch  west  from  Hythe  to  Rye,  a  distance  of 
about  seventeen  miles,  and  north  from  Dengeness  to  Appledore 
about  twelve  miles.  This  low-lying  tract  of  Alluvium  and  Beach 
is  for  the  most  part  below  the  sea-level  at  high  water,  and  is  pro- 
tected from  inundation  by  natural  barriers  of  shingle  and  sand 
hills,  except  near  Dymchurch,  where  there  are  sea-walls. 

I  shall  endeavour  to  trace  the  history  of  this  interesting  district 
from  prehistoric  times,  and  describe  the  natural  and  also  the  artificial 
causes  that  have  led  to  the  reclamation  of  the  Marsh  from  the  sea. 
For  convenience  I  shall  take  the  Geological  Survey  Memoir 
of  the  district,  by   Mr.  F.  Drew,  published  in   1864,   and  en- 
deavour to  show  that  in  the  Memoir  the  physical  and  historical 
evidences  have  been  mixed,  and  that  the  latter  do  not  support 
the  conclusions  arrived  at.     It  would  be  impossible  to  do  justice 
in  this  paper  to  the  vast  amount  of  historical  facts  relating  to  the 
district,  which  has  been  accumulated  by  many  writers  from  the 
sixteenth  century  onward,  the  bibliography  of  the  subject  being 
voluminous.     In  addressing  the  Geologists'  Association,  I  trust 
that  I  shall  be  pardoned  if  I  give  only  a  resumt  of  the  historical 
facts  most  important  for  our  consideration. 

The  Marsh  is  enclosed  by  an  amphitheatre  of  hills,  more 
especially  on  the  north-^ast,  where,  from  the  top  of  the  escarp- 
ment of  the  Lower  Greensand,  we  may  look  down  upon  a  level 
plain,  the  south  side  of  which  is  washed  by  the  sea.  From  the 
west  and  north  of  this  plain  the  hills  extend  to  the  Wealden  area, 
and  give  rise  to  the  rivers  whose  waters  brought  down  the  sedi- 
ment which  has  formed  the  delta.  The  largest  of  these  rivers, 
the  Rother,  comes  from  the  area  of  the  great  Wealden  Forest, 
some  700  to  800  feet  above  O.D.  The  rocks  through  which  the 
Rother,  Tillingham,  and  Brede  flow  consist  of  the  Hastings  Beds. 
If  we  descend  to  the  Marsh,  we  find  the  soil  is  for  the  most 
part  a  rich  alluvium,  very  favourable  for  grazing  purposes.  It  is 
drained  by  numerous  ditches,  which  empty  their  waters  into 
streams  called  "  Guts."  Near  Appledore  Dowles  large  trunks  of 
trees  or  moor-logs  are  met  with,  some  of  which  appear  to  have 
grown  on  the  spot,  although  they  are  found  in  the  lowest  land. 
Hasted  states  that  the  Dowles  are  about  two  miles  long  and  more 
than  a  mile  wide,  one  part  hardly  ever  free  from  water,  except  in 
dry  summers,  and  that  there  is  strong  evidence  that  they  were 
February,  1897.]  j6 
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once  covered  with  wood.  I  have  noticed  that  some  of  the  trees 
(which,  I  think,  are  willow)  appear  to  have  been  cut  with  an  axe. 
In  other  parts  of  the  Marsh  similar  trunks  of  trees  have  been  met 
with.  I  have  also  seen  in  the  Dowles  the  remains  of  piles  driven 
in  the  soil  supporting  the  walls  which  surround  that  area,  evidently 
so  placed  when  the  Poulder*  was  made.  The  ancient  name  for 
the  place  is  Atpoldre  or  Appledore. 

In  the  Geological  Survey  Memoir^  p.  15,  it  is  stated  that  ''when 
peat  is  at  the  suiface  there  is  generally  clay  below  at  a  depth  of 
five  or  six  feet,  perhaps.  .  .  .  Sometimes,  in  clearing  the  dykes, 
the  workmen  come  upon  a  layer  of  beach  pebbles.  .  .  .  What- 
ever the  soil  may  be  near  the  surface,  it  is  almost  invariably  the 
case  that  at  a  depth  of  ten  or  twenty  feet  there  is  loose  sand, 
often  containing  recent  marine  shells,  especially  cockles.  .  .  . 
The  bottom  of  this  is  seldom  reached  in  any  well-sinking.  .  .  . 
Mr.  Elliott  tells  me  he  bored  seventy  feet  in  the  Marsh,  of  which 
the  last  fifty  were  in  sand."  I  contend,  however,  that  this  does 
not  prove  anything,  since  the  sand  probably  belonged  to  the 
Hastings  Beds.  Unfortunately,  Mr.  Drew  neither  gives  detailed 
information  about  this  boring  nor  does  he  state  where  it  was  put 
down.  In  a  memoir  on  ''Romney  Marsh  Past  and  Present," 
read  before  the  Surveyors'  Institute  in  1885,  Mr.  A.  J.  Burrows 
states  that  the  "Marsh  is  covered  by  a  rich  marine  deposit, 
which  boring  has  shown  to  be  ninety  feet  in  thickness  near 
Appledore."  But  here  again  we  have  no  further  information,  if, 
indeed,  the  boring  here  mentioned  is  not  the  same  alluded  to  by 
Mr.  Drew,  with  the  seventy  feet  magnified  to  ninety.  We  have 
one  boring  in  the  Marsh,  viz.,  that  at  the  Holmestone  Camp  at 
Lydd,  made  in  1 886,  which  gives  us  the  following  details : 

Boring  at  Holmestone  Camp,  L^'dd,  1886. 

Thickness.  Depth. 


Recent 


i  Shingle  ... 
\  Boulders... 
)  Brown  Sand 


)  ?}ay 


Black  and  grey  Sand 

(  Pebbles   ... 

'■  Black  and  grey  Sand 

Stiff  Loam  ...         ... 

Clean  sharp  Sand  

Loamy  Clay       

Oil  IlU      •••       •••       •••       ••• 

V^lt*jr       •••       •••       •••       ••• 

Silver-grey  Band  

Sandy  I.oam       

Clay  Loam         ... 

Strong  Clay        

Oionc  s      ...         ...         ...         ... 

This  lx)ring  was  carried  down,  in  similar  beds,  to  a  depth  of  402  f 
inches. — Sec  W.  Whitaker,  Quart.  Journ.  Geol.  Soc.^  vol.  xliii,  p.  20\, 

*  A  Flemish  term  for  land  reclaimed  by  means  of  erobAnkments, 
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According  to  diis,  dieie  werealiouiikEg  of  drin^faonlden, 
olay,  and  sand,  of  wfaidi  oolj  the  iqipcr  MtMcvaa  fees,  are  ciasscd 
by  the  Survey  Gecrfogists  as  profaab^  ReocnL  Ax  Hdimesboat, 
^^bere  this  boring  was  made,  ve  should  opect  to  find  a  kigcr 
a.Txiount  of  Recent  deposits,  since  it  is  iqxn  the  beach  ooat^noos 
to  the  sea  and  at  a  place  where  we  leam  a  riwex  fannerij  flowed. 
It  is  not  at  all  dear  what  the  thiHme^  of  these  Recent  cirpcwits 
x'esJly  is,  and  further  infonnatioo  is  required.  Up  the  vaDey  of 
time  Rother  there  appears  to  have  been  a  coosideiable  dqiosit  of 
silt  and  sand  classed  as  sea-sand. 

One  of  the  great  featnres  of  the  Harsh  is  the  Beaches,  and 

irx    the  Survey  Memoir  these  have  been  carefuDj  noticed.     The 

S<^6at  DcQge  Marsh  Beach  is  one  of  the  most  remarkal^  of 

its    kind  in  En^and,  and  its  rapid  growth  around  the  Ness  is 

especially  remarkable.     This  beach  maps  out  its  own  progress  and 

direction   by  the  manner  in    which  it  accumulates  in  ridges, 

dependent  on  the  high  tides ;  the  ridges  being  carried  up  at  full 

^nd  new  moon.     When  the  shore  line  is  stationary  each  snccced- 

ii^g  tide  obliterates  the  ridges  of  the  former  tides  ;  but  when  the 

shore  is  encroaching  on  the  sea,  as  vi  the  case  at  I>engeness,  each 

^<)ge  being  left,  a  succession  of  "  fulls  "*  will  be  seen  marking  its 

progress.     Part  of  the  Denge  Marsh  Beach  is  of  earlier  date,  and 

^tfiers  in  its  direction  from  that  at  present  forming,  and  is  known 

py  the  name  of  the  Holmestone.     The  ridges  of  this  beach  run 

^iiland  towards  Lydd,  and  must  at  one  time  have  extended  much 

f|iither  seaward.     At  the  present  time  it  is  being  cut  back,  and 

J^^  beach  stones  carried  on  swell  the  volume  of  I>engeness.     Mr. 

Ore^  has  noted  that  the  Holmestone  Beach  is  apparently  at  a 

lower  level  than  those  now  being  formed. 

The  Denge  Beach  and  the  Holmestone  Beach  occupy  an  area 
f^fee  miles  in  length,  with  a  breadth  of  from  one  to  three  miles, 
'^UtKii-eds  of  acres  being  almost  without  vegetation.  The  point 
^^  the  beach  at  Dengeness  is  constantly  growing  outwards  and  sea- 
.•^^rds ;  while  east  of  the  point  it  trends  round  in  a  curve,  which 
*s  ^'ell  illustrated  in  Mr.  Drew's  Memoir  on  page  17.  The  beach 
?^^0[is  to  have  increased  most  near  the  Lighthouse,  and,  accord- 
Jf^S  to  Mr.  Drew  and  Mr.  Redman,  the  average  annual  increase 

^*lng  the  last  two  centuries  has  amounted  to  nearly  six  yards. 

. ,  .    -At  Hythe  another   beach   occurs,  and  from  the  "  fulls "  of 

^^^  beach  (which  trend  inland,  and  are  abruptly  cut  off  by  the 

r^^s^nt  shore-line)  we  may  conclude  that  they  formerly  extended 

^^'tl^er  seaward,  like  the  ancient  Holmestone  Beach.     At  the 

^^^ent  time  there  is  no  accumulation  of  beach  at  Hythe  ;  but  on 

^^     contrary,  the  shingle  is  being  rapidly  carried  away  north- 

^^t^prard. 

,      £etween  the  Hythe  Beach  and  New  Romney  the  shore  is 

^^titute  of  beach,  and  a  wall  is  maintained  at  a  great  annual 

^^Pense  to  protect  the   Marsh   from  inundation   by  the  sea. 
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Blown  Sand  is  met  with  between  Rye  and  Lydd  on  the  land-side 
of  the  beaches;  Blown  Sand  also  occurs  near  New  Romney, 
and  a  patch  is  to  be  seen  near  West  Hythe  on  the  land  side  of 
the  present  beach.  These  beaches  and  sand-hills  form  a  natural 
protection  to  the  land,  which,  being  below  the  level  of  the  sea  at 
high  tides,  would  otherwise  be  flooded.  The  sand-hills  appear 
to  have  been  formed  at  a  period  before  the  accumulation  of 
the  beaches  had  commenced,  since  the  beach  effectually  stops 
the  formation  of  sand-hills.  We  may  connect  these  sand-hills 
by  a  hypothetical  line  extending  from  Rye  to  Hythe. 

Having  described  the  Marsh  and  the  soils  that  compose  it 
(which  are  of  comparatively  recent  date),  we  will  now  discuss 
the  numerous  theories  whch  have  been  brought  forward  to 
account  for  the  way  in  which  this  delta  was  formed,  and  give 
some  of  the  historical  evidences  in  relation  to  the  reclamation 
of  the  Marsh,  and  the  changes  in  the  river  courses. 

First,  I  should  like  to  direct  attention  to  a  theory  which  seems 
to  have  been  widely  accepted  by  Archaeologists  and  others  who 
have  written  on  the  history  of  the  Marsh.  This  theory,  if  not 
actually  invented  by  Mr.  Elliott,  the  engineer  of  the  Marsh,  was 
elaborated  by  him  in  a  series  of  papers  written  about  the  year 
1852.  The  first  paper  was  written  to  assist  Mr.  Lewin  (who  wrote 
an  essay  to  prove  that  it  was  here  that  Julius  Caesar  first  landed), 
and  his  theory  was  printed  with  Mr  Roach  Smith's  "  History  of 
further  Excavations  and  History  of  the  Roman  Castrum  at 
Lympne."  I  must  draw  particular  attention  to  this,  because  up  to 
the  time  when  I  first  wrote  on  the  subject  it  seems  to  have  formed 
the  groundwork  of  nearly  all  that  had  been  written  on  the  district, 
even  including  the  Geological  Survey  Memoir  of  1864. 

Mr.  Elliott  gave  two  maps  of  the  Marsh,  the  first  showing 
what  he  supposed  it  was  like  during  the  early  part  of  the  Roman 
occupation  of  Britain,  and  the  second  map  to  show  what  the 
Marsh  ^as  like  at  the  time  of  the  departure  of  the  Romans, 
A.D.  480.  According  to  Mr.  Elliott,  at,  or  about  the  time  of  the 
first  advent  of  the  Romans,  the  river  Rother,  then  called  the 
Limen,  had  its  mouth  in  a  large  estuary  near  Appledore  and 
flowed  at  the  foot  of  the  hills  to  Hythe,  near  which  place  the 
Romans  erected  the  Castrum  of  Lympne ;  while  another  estuary, 
at  Rye,  received  the  waters  of  the  Rother  south  of  the  Isle  of 
Oxney,  and  of  the  Tillingham  and  Brede.  According  to  this 
theory  the  deposits  from  these  rivers  had  formed  an  oblong 
island,  and  it  was  supposed  that  the  inward  trending  of  the  beach  at 
Hythe  marked  the  northern  mouth  of  this  estuary,  that  a  spit  or 
shingle  bank  was  thrown  off  near  Fairh'ght,  and  extended  in  a  direct 
line  to  near  Hythe ;  and  that  this  shingle  bank  arrested  the  flow 
of  the  debris  from  the  hills,  and  thus  the  dry  land  would  first 
appear  by  the  coast  line  from  Rye  to  Hythe.  The  water  would 
in  this  case  recede  towards  the  hills.     It  was  this  recession  of  the 
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^ter  towards  the  hills  that  gave  rise  to  the  mystery  of  the  river 

^'pJen,  and  the  Roman  station  called  Portus  Lemanis.    Then  the 

shingle  accumulating  near   Hythe,  where  this  estuary  emptied 

'^If  into  the  sea,  gradually  shut  out  the  water  and  rendered  the 

tortus  Lemanis  difficult  of  access.     The   Romans  erected    a 

^'^t  embankment  from  Appledore  to  Romney,  and  cut  a  new 

channel  for  the  waters  of  the  Rother  to  flow  out  souuj  of  this 

embankment  to  Romney ;  thus  reclaiming  the  whole  of  Romney 

Marsh  proper,  consisting  of  about  24,000  acres.     The  Portus 

1-emanis  was  situate  on  an   estuary  at  Lympne,  and   Romney 

'became  the  Portus  Novus  of  Ptolemy. 

I  must  now  refer  to  the  Geological  Survey  Memoir  on  the 
^'^^rsh,  which  gives  copious  reasons  against  adopting  such  an 
^3TX>thesis,  and  yet  ends  by  endorsing  it  In  fact,  there  are 
°^ny  false  inferences  drawn  from  the  physical  facts  stated, 
chiefly,  I  believe,  because  the  author  of  the  Memoir  had  been 
told  that  the  historical  evidences  proved  the  correctness  of 
Mr.  Elliott's  theory. 

On  page  21  we  read,  "Judging  from  the  size  of  the  Rhee 

Wall  it  seems  probable  that  the  river  gradually  raised  its  bed  by 

depositing  sediment,  the  banks  being  heightened  in  proportion, 

till  at  last  even   the   river   bottom  came  to  be  as  high  as  the 

^*Qd  on  each  side."    And  we  find  that  the  river  that  ran  out  at 

Romney  has  forsaken  its  channel,   as  I  shall    presently  show. 

further,  we  read  in  the  Memoir,  "  Where  this  Rhee  Wall  bounds 

Appledore  Dowls,  there  is  a  good  instance  of  what  occurs  in 

'^^iny  places  on  the  Marsh,  viz.,  a  difference  of  level  between 

^o  partsT;  the  lower  one  ending  against  an  abrupt  slope  or  bank 

that  bounds  the  higher.     On  the  south  the  fields  are  about  the 

sanae  level  as  the  road  [wall],  while  on  the  north  there  is  a  fall  of 

p^xiy  feet  to  the  low  ground  of  the  Dowls  ;  and  the  reason  of  this 

w  tliatwhen  the  land  is  once  enclosed  and  kept  from  the  influence 

of  the  sea,  it  gets  no  further  sediment  deposited  on  it,  but  keeps 

the     same   level,  while   that   outside    is   always    receiving  fresh 

accessions  of  mud,  etc.,  which  raise  its  level,  sometimes  even,  in 

a  long  course  of  time,   to  nearly  the  top  of  the  wall  that  was 

roade  to  keep  out  the  sea  from  the  first  tract.     Therefore  the 

older  the  enclosure  is  the  lower  the  land."    But  the  author  of 

the  essay  on  page  20  writes,  "  /  have  stated  that  the  Rother^  then 

coiled  the  Limen^  used  to  flow  out  at  Hythe'^     No  physical  causes 

^'^  quoted  to  show  that  the  river  flowed  out  at  Hythe,  but  it 

^^''^s  that  it  was  because  Canon  Jenkins  told  Mr.  Drew  that  there 

^V^  Saxon  Charters  to  prove  it.     Then  one  Charter  is  quoted, 

^^cb,  instead  of  proving  this  statement,  makes  it  clear  that  at 

^^t  time  there  was  no  such  river  flowing  near  the  hills  at  Hythe.  I 

^^  give  you  the  undisputed  historical  facts,  as  briefly  as  possible. 

^n  early  Roman  times  there  was  a  southern  port  on  the  Kent 

^*^*st  known  as  Portus  Lemanis,  also  a  river  called  the  Limene 
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The  first  mention  of  this  is  in  the  "Itinerary"  of  Antoninus,  who 
gives  the  distances  by  the  roads  from  the  Roman  military 
stations  and  towns.  In  this  "  Itinerary  "  Portus  Lemanis  is  placed 
at  some  distance  from  Lemanis;  Mr.  Roach  Smith  estimates 
the  distance  at  ten  miles.  Somner,  who  wrote  an  essay  on  the 
"Roman Ports  and  Forts"  in  1660,  places  Lemanis  at  NewRomney. 
The  later  Roman  writers  do  not  mention  Portus  Lemanis,  but  only 
Lemanis.  The  Roman  Castrum  of  Lemanis,  now  called  Stut- 
fall  Castle,  was  erected  during  the  later  period  of  the  Roman 
occupation  of  Britain  to  repel  the  invasions  of  the  Saxons  ;  and 
apparently  after  the  station  Portus  Lemanis  had  become  in  some 
way  changed  or  destroyed,  for  built  into  the  walls  of  the  Castrum 
was  found  an  altar  with  inscription  and  inscribed  tiles,  presum- 
ably taken  from  the  Portus  Lemanis,  the  altar  stone  having 
barnacles  attached  to  it  as  if  it  had  been  in  the  sea.  Therefore, 
the  present  Castrum  proves  nothing  with  regard  to  the  former 
Limen  port. 

The  Saxon  Charters  of  the  seventh  and  eighth  centuries  are  all 
quoted  by  Somner  to  prove  that  the  Limen  was  at  Romney. 
But  especial  mention  is  made  of  one  relating  to  a  piece  of  land  at 
Sandtun,  that  was  bounded  on  the  south  by  the  river  Limen, 
and  which  Mr.  Mackeson  identifies  as  a  place  called  Sandtun, 
where  there  is  a  patch  of  Blown  Sand.*  The  charter  proves 
that  the  river  Limen  flowed  south  of  Sandtun,  and  yet  is  quoted  to 
show  that  the  river  flowed  to  the  north  of  that  place,  by  West 
Hythe  and  then  on  to  Hythe.  I  have  been  told  that  this 
charter  shows  that  the  Limen  river  flowed  then  much  nearer 
Sandtun  than  the  position  of  the  Rother  at  New  Romney  would 
indicate.  Nevertheless,  it  upsets  the  whole  theory  that  the 
Hythe  beach  proves  the  gradual  filling  up  of  the  mouth  of  the 
river  by  successive  ridges  formed  at  the  mouth  of  the  harbour, 
for  in  that  case  the  mouth  of  the  river  or  estuary  must  have  been 
pushed  near  up  to  the  hills  at  West  Hythe.  The  other  Saxon 
Charters  prove  that  land  existed,  at  Bishop's  Wick,  close  to 
Romney,  and  do  not  help  the  theory  at  all. 

In  the  ninth  century,  according  to  the  Saxon  Chronicle,  a  fleet 
of  250  Danish  ships  was  towed  up  the  Limen  beyond  Appledore, 
where  a  landing  was  effected  and  a  fort  destroyed.  Now,  could 
these  250  Danish  ships  have  been  towed  up  the  river  that 
emptied  itself  at  Hythe  300  years  after  the  Romans  had  quitted 
the  county  ?  and,  if  so,  what  becomes  of  the  theory  that  all  the 
Romney  Marsh  had  been  reclaimed  from  the  sea  by  the  erection 
of  the  Rhee  Wall  ?  We  must,  perforce,  admit  that  in  the  ninth 
century  the  river  up  which  the  Danish  fleet  sailed,  or  was  towed, 

*  The  charter  gives  the  boundaries  of  this  Sandtun  Land  as  :  South  by  the  River  Limena : 
north  and  west  by  the  Hudan  Fleot ;  east  by  the  King's  Land.  Hudan  Fleot  Mr.  Wilks 
identifies  with  the  stream  that  rises  in  the  Greensand  near  the  Castrum  and  flows  close 
to  the  bills  to  Hythe,  and  is  referred  to  in  ancient  documents  as  the  *'  Slows  "  which  emptied 
its  waters  into  Hythe  Haven. 
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was  the  river  that  flowed  out   at    Romney,  then  called  the 
Limen. 

Now  with  regard  to  this  river  that  had  so  raised  its  banks,  as 
the  author  of  the  Memoir  pointed  out.      Are  we  to  look  for  the 
ancient  Limen  river  close  to  the  hills  between  Appledore  and 
Hythe,   where    we    find    the    lowest    land,    and    no    physical 
evidence  that  the  river  even  flowed  there  at  all  ?  or,  do  not  all 
the  physical  and  histoncal  facts  point  to  the  conclusion  that  the 
ancient  river  was  at   Romney.      We  know  that  New  Romney 
was  one  of   the  Cinque    Ports   at   a    very  early  period;    its 
importance  was  due  to  the  fact  that  it  had  a  harbour  and  an 
important  river.      It  flourished  especially  as  a  port  in  the  tenth 
century.      According  to  Mr.  Elliott  and  several  other  writers,  it 
was  the  Portus  Novus  of  Ptolemy,  in  which  case  it  must  date 
back  to  A.D.  125  or  140.      But  in  the  thirteenth  century,  owing 
to  some  coast  alterations  and  fearful  storms,  the  river  entirely  for- 
sook its  old  channel  from  Appledore  to  New  Romney,  in  spite 
of  the  stupendous  efforts  made  by  the  inhabitants  in  the  previous 
years  to  keep  the  water-way  open  by  deepening  the  channel.      It 
is  probable  that  the  gradual  decay  of  this  haven  had  been  going 
on  for  some  time.      Very  interesting  information  respecting  the 
town  and  port  of  New  Romney  is  to  be  found  in  the  thirteenth 
volume  of  the  Kent  Archaeological  Society^ s  Proceedings^  from  the 
essays  of   Canon   Scott  Robertson,   Mr,    R.   Furley,  and  Mr. 
Walker.     Mr.  Furley  has  written  a  memoir  on  the  Marsh,  and 
given  the  particulars  of  all  the  "  innings  "  or  reclamations  of  land 
south  of  the  Rhee  Wall.      I  have  copied  these  particulars  on  the 
map  (Plate  IX).   Canon  Scott  Robertson  has  shown  in  a  map  of  the 
Cinque  Port  Liberty  of  New  Romney  that  it  extended  beyond 
Appledore  into  the  north-west  branch  of  the  river  Rother,  round 
the  Isle  of  Oxney ;  it  was,  in  fact  the  dry  channel  of  the  river  that 
had,  in  the  thirteenth  century,  forsaken  its  course. 

In  1822  a  very  ancient  vessel  was  found  buried  in  the  Rother 

channel  north  of  the  Isle  of  Oxney,  a  description  of  which  was 

communicated  to  the  Society  of  Antiquaries  by  Mr.  Thurston 

!Rice,  L.S.A.,  from  which  it  appears  that,  the  vessel  was  wrecked 

in  the  channel,  and  had  been  buried  to  a  depth  of  ten  feet  with 

silt  since  accumulated.     And  also  that  at  that  time  the  larger 

river  valley  of  the  Rother,  south  of  the  Isle  of  Oxney,  was  barred 

by  embankments.     In  reference  to  these  walls  Mr.  Furley  writes : 

"In  the  early  part  of  the  sixteenth  century  the  valley  of  the 

Rother  south  of  the  Isle  of  Oxney  was  barred  by  a  wall  from 

Wittersham  to  the  mainland  on  the  opposite  side  of  the  valley, 

and   is  now   known  as  Blackwall ;   the    effect  being   that  the 

waters  of  the  Rother  were  forced  to  take  the  upper  course  \  so 

prior  to  1287  the  lower  valley  became  of  secondary  importance." 

The  fact  that  the  river  which  ran  out  at  New  Romney  altered 
its  course  to  Rye,  in  consequence  of  some  great  storms,  by 
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breaking  through  the  shingle  beach  that  old  Winchelsea  was 
built  upon  is  disputed,  and  probably  one  outlet  of  the  Rother  and 
Brede  waters  had  always  been  at  Rye.  At  any  rate  it  is  clear,  as 
Mr.  Furley  has  stated,  that  during  the  200  years  succeeding  the 
Norman  Conquest  the  Walland  Marsh  had  been  gradually  getting 
above  the  level  of  high  water,  and  many  hundreds  of  acres  were 
reclaimed.  Before  the  Norman  Conquest  this  marsh  must  have 
been  a  dreary  waste  of  mud-banks  and  water. 

One  other  fact  has  been  used  as  an  argument  in  favour  of 
the  Limen  river  having  flowed  out  at  Hythe,  viz.,  that  just  above 
Lympne  Castrum  there  is  a  place  called  the  Shipway  Cross,  where 
great  and  important  meetings  were  held.  Leland  (I  think)  says : 
"  Shipway  Cross  was  so  called  because  it  lay  on  the  way  to  the 
haven  where  ships  were  wont  to  ride."  At  this  place  in  former 
times  were  held  the  great  assemblies  relating  to  the  Cinque  Ports 
and  here  the  Lord  Warden  received  the  Oaths  of  his  Vassals. 
Prince  Edward,  son  of  King  Henry  III,  received  here  from  the 
Barons  of  the  Cinque  Ports  their  Oaths  of  fidelity  to  his  father. 
It  seems,  however,  to  have  been  merely  a  neutral  ground  where 
the  Court  of  the  Barons  of  the  Cinque  Ports  was  held,  before 
the  Court  was  moved  to  Dover.  These  Cinque  Ports  were  v 
jealous  of  each  other's  privileges,  therefore  this  neutral  groun 
seems  to  have  been  selected. 

But  to  return  to  Romney  Marsh  proper.     North  of  the  Rhe 
Wall,  we  find  that  it  had  been  extensively  occupied  in  Roman 
times;  and  near  Dymchurch,  where  the  sea-wall  is  erected,  ir 
must    have  been    protected  from  inundation  by  the   sea  fro 
the   east   and   south,  as    Roman    potteries    have    been    foun 
in    the  Marsh  at   that   place  close   to  the   sea,  that  could  n 
have    existed   had    there    been    no    barrier   to   the  sea  in  thi 
direction. 

Having  placed  before  you  the  facts  relating  to  the  physi 
and  historical  evidences  of  Romney  Marsh,  I  will  sum  up  witF 
my  own  inferences  in  respect  to  the  origin  of  this  delta, 
rather,  let  us  see  how  the  present  configuration  of  the  Mars! 
has  been  brought  about.     Although  I  have  termed  it  a  del 
it  differs  in  many  important  respects  from  the  deltas  of  oth 
rivers,  inasmuch  as  the  land   rises   towards  the  sea  and    falC 
towards  the  high  lands  that  bound  it  on  the  north  and  wes 
and  with  the  exception  of  the  point  of  Dengeness,  it  has  n 
encroached  upon  the  sea,  but  rather  the  evidence  points  to  t 
land  having  at  one  time  extended  farther  seawards. 

We  may  take  it,  then,  that  the  first  stage  in  the  process 
the   filling  up   of  a   depression  in  the  older  formations   (whi 
depression  must  have  presented  the  appearance  of  a  shallow  ba 
by  deposits   brought   down   by  the   rivers  Rother,   Tillingha 
and  Brede,  which  discharge  their  waters  into  the  south-west 
and  western  half  of  the  Marsh.     We  should  therefore  expect  thd 
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the  silt  would  settle  and  fill  up  the  northern  half  of  the  bay,  as 
'^^e  find  was  the  case,  for  the  Romney  Marsh  proper  was  the  first 
Zo  be  inhabited,  and  we  may  be  sure  also  that  this  took  place 
l^efore  the  coming  of  the  Romans.     The  presence  of  high  banks 
on  either  side  of  the  river  that  flowed  out  in  early  times  at  New 
IRomney  points  to  the  conclusion  (as  indeed  Mr.  Drew  shows) 
^hat  it  was  the  natural  course  of  the  river,  or  of  one  of  the  rivers, 
flowing  out  at  this  place,  and,  as  we  found  from  later  historical 
evidences,  the  river  so  raised  its  bed  by  the  deposit  of  silt  that  at 
last  the  waters  were  compelled  to  find  a  fresh  and  more  westerly 
outlet  to  the  sea.     In  the  geological  map  of  the  Marsh  a  prob- 
able line  of  fault  is  indicated  between  Appledore  and  the  Isle  of 
Oxney  and  Ebony,  which  may  in  the  first  instance  have  deter- 
mined the  course  of  the  rivers.     If  in  addition  to  this,  the  chief 
direction  of  the  ocean-currents  was  from  south  towards  the  north, 
there  would  be  additional   reason  to  conclude  that  the  earliest 
deposit  must  have  been  towards  the  north.     I  therefore  dispute 
a   notion   that  the  earlier  exit  of  the  waters  of  the  Rother  was 
from  Appledore  to  Hythe,  as  has  so  often  been  stated. 

Everyone  agrees  that  the  earliest  reclaimed  land  in  the  Marsh 
was  that  at  Appledore ;  and  it  seems  evident  that  the  embank- 
ment raised  to  protect  the  Marsh  then  was  part  of  the  Rhee 
Wall,  and  from  Snargate  it  extended  to  Warehorn.  By  the  Saxon 
Charter  we  learn  of  grants  of  land  in  the  fens  of  Warehorn 
having  boundaries  that  extended  southward  over  the  Limen  into 
the  South  Saxon  limits  ;  and  we  find  the  rain  water  from  these  fen 
lands  was  pumped  up  and  discharged  into  the  river  that  ran 
south  of  the  Rhee  Wall.  But  we  have  already  shown  that  none 
of  the  historical  evidences  quoted  show  that  any  river  ran  along 
this  side  of  the  Marsh  to  Hythe. 

During  the  earlier  stages  of  the  silting  up  of  the  Marsh  we 

^earn  from  the  Survey  Memoir  that  sea  sand,  cockles,  and  at 

places  beach  pebbles,  are  met  with  under  the  Alluvium,  but  there 

Appears  to  have  been  no  great  shingle  banks  at  that  time  to  keep 

Out  the  sea.     We  have  evidence  that  somewhat  later  Blown  Sand 

Or  sand-hills  existed.     These  hills  in  part  remain  ;  one  patch  may 

t^e  seen  behind  the  beach  at  Hythe,  at  the  place  indicated  in  the 

^axon  Charter  of  Sandtun,  which  barred  the  entrance  of  the  sea 

to  the  Marsh  in  this  direction.     We  may  conclude  that  the  sand- 

V^ills  north  of  Romney  acted  in  the  same  manner,  also  those 

^outh  of  Romney  and  Lydd. 

The   next    stage    in    the    progress  of    the    Marsh  was  the 

Accumulation   of  beaches.     Some  of  these  are  of  more  ancient 

xJate  than  the  others  ;  one,  for  instance,  south  of  Lydd  known  as 

tlie    Holmestone.      The    Holmestone   Beach    existed    at    the 

earliest  date    of  which  we  have  historical  record.     It  differs  in 

lieight  and  direction  from  the  later  beaches,  and  covers  up  mud 

and  peat  of  some  earlier  land  that  extended  further  seaward.    This 


220         GEORGE  DOWRBR  ON  ROMNEY  MARSH. 

beach  has  been,  and  is  being,  cut  off  abruptly  by  the  shore- 
line. It  may  have  extended  as  the  lines  given  in  the 
Geological  Survey  map  indicate,  forming  a  barrier  opposite  Rye 
Harbour.  Probably  considerable  changes  were  taking  place  in 
the  direction  of  the  ocean  currents  at  the  time  when  these  beaches 
were  being  formed. 

I  demur  to  the  general  statement  that  the  accumulation  ot  sea 
beaches  is  entirely  due  to  the  prevailing  winds.  If  so  we  should 
find  them  trend  in  one  direction,  whereas  I  have  noted  on  the  Kent 
coast  that,  while  on  the  south  the  direction  of  the  beach  was  from 
south-west  to  north-east,  on  the  northern  part  of  the  coast  the 
direction  of  the  beach  was  directly  opposite,  viz.,  from  north-east 
to  south-west.  Along  this  Romney  coast  we  find  the  Dengeness 
Beach  accumulating  round  a  point  more  to  the  north  than  the 
Holmestone  Beach,  showing  a  change  in  the  currents  of  the 
sea.  At  Hythe  we  find  another  beach  which  is  now  being  cut 
back  by  the  shore-currents.  Further,  we  find  many  similar  cases 
along  the  south  coast  of  England.  Knowing  that  the  Romans 
founded  settlements  in  the  Romney  Marsh,  and  that  at  Dym- 
church  close  to  the  sea  they  had  potteries,  we  must  conclude  that 
either  sand-hills  or  a  beach  existed  there  at  that  time  to  protect 
the  Marsh.  I  think  the  present  beach  at  Hythe  is  the  remnant 
of  such  a  beach  ;  and  if  we  compare  the  trending  inland  of  the 
tail  of  the  beach,  it  points  to  the  conclusion  that  some  promon- 
tory formerly  existed  between  Romney  and  Hythe,  so  the  trending 
of  the  beach  will  not  favour  the  conclusion  that  a  mouth  of  a 
river  or  estuary  existed  at  Hythe ;  nay,  it  points  to  the  conclusion 
we  had  arrived  at  from  the  study  of  other  causes,  viz.,  that  the 
ancient  Limen  ran  out  at  Romney,  and  the  exit  waters  there  had 
much  to  do  with  the  retardation  of  the  beach ;  the  same  may' 
be  the  case  at  Denge  Point. 

Before  leaving  the  subject  of  the  changes  indicated  by  the 
beaches,  I  should  like  to  draw  attention  to  the  height  of  the 
Holmestone  Beach  compared  with  Dengeness  Beach,  and  also  to 
the  evidences  of  the  peat  or  bog-oak  and  trees,  as  pointing  to 
some  fluctuations  in  the  level  of  the  land.  Apart  from  the  Marsh, 
along  the  south  coast  of  England  and  the  neighbouring  coast  of 
France  and  Holland,  we  have  evidence  of  a  former  depression 
when  sea-beaches  were  formed,  followed  by  a  re-elevation 
of  the  land,  on  which  trees  sprang  up  and  flourished,  while, 
again,  in  the  buried  forests  we  have  the  proof  of  another  depres- 
sion. It  has  been  suggested  that  the  trees  buried  in  the  Marsh, 
and  those  at  Appledore,  belong  to  the  same  period  as  the  sub- 
merged forests  of  Hastings  and  elsewhere  on  the  South  Coast 
And  I  think  this  is  very  likely  to  be  the  case.  It  does  not 
follow  that  the  trees  had  all  grown  on  land  at  one  level;  some  found 
in  bays  may  have  grown  on  higher  ground.  In  parts  of  the 
Marsh,  Appledore  for  instance,  these  trees  are  merely  covered  with 
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the  peaty  soil  of  the  marsh,  while  those  near  Rye  seem  to  have 
been  covered  with  a  considerable  amount  of  silt     Mr.  Godwin 
Austen,  in  a  paper  read  before  the  Geological  Society  in  1851, 
drew  attention  to   the  changes  on  the  coast  of  the  English 
Channel  (Quart,  Journ,^  vol.  vii,  p.  118).     He  states,  "The  com- 
munications on  the  present  subject  have  generally  been  noticed 
under  the  head  of  raised  beaches,  they  have  been  invariably  con- 
sidered as  illustrating  the  vertical  movements  of  the  earth's  crust 
as  referable  to  one  single  period  of  time,  and  my  object  will  be 
to  show  that  the  phenomena  are  more  complicated.     That  they 
imply  a  vast  period  of  time,   and  that   one    most    important 
character  has  been  entirely  overlooked."    Mr.   Elliott,  in  the 
Memoir  before  alluded  to,  supposed  the  trees  in   the  Dowles 
to  have  been  drifted  there  by  the  waters  of  the  Rother ;  but  in 
that  case  we  should  expect  them  to  have  been  covered  with  mud 
or  silt,  which  does  not  occur  to  any  extent.     Altogether  the  evi- 
dences are  in  favour  of  some  change  in  the  relative  height  of  the 
land  compared  with  the  sea. 

Another    question    suggests    itself.       Did  any    change    of 
level    occur    after    the    Roman    occupation    of    the    Marsh  ? 
It  is  very  commonly  supposed  that  when  the  Romans  visited 
this  country,  the  land  stood  at  a  lower  level  than  at  present     I 
have  lately  been  investigating  the  matter  in  respect  to  parts  of 
East  Kent,  such  as  the  neighbourhood  of  Richborough,  Recul- 
vers,  and  the  Swale  marshes  at  Sittingbourne ;  in  every  case  there 
would  seem  to  have  been  a  depression  of  the  land  since  the 
Roman  occupation,  say  since  the  fifth  century.      M.  Gosselet,* 
in  describing  the  changes  which  had  taken  place  in  plains  ex- 
tending from  St  Omer  to  Dunkerque  and  to  Calais,  stated  that 
the  Romans  had  occupied  the  entire  area ;  then  there  had  been 
an   invasion  of  the  sea  which  covered  the  relics  of  the  Roman 
Occupation  with  sand.     The  sea  left  the  area,  which  then  became 
Covered   with  vegetation,   and  afterwards   Flemish   towns  were 
erected  over  the  area  formerly  occupied  by  the  Romans.     I  do 
^ot  think  we  have  a  similar  case  on  our  Kentish  shores;  but 
^e    have  evidence  of   a  slight  variation  in   the  level  of   the 
land. 

Historians  have  been  busy  with  speculations  respecting  the 
^vers  in  the  Marsh.  According  to  them  the  rivers  were  very  fickle, 
changing  from  Hythe  to  Romney  and  again  from  Romney  to  Rye, 
V^ut  the  only  changes  that  I  know  of  may  all  be  accounted  for  by 
'^he  shifting  of  the  beaches. 

As  to  the  rate  of  alluvial  deposit  we  have  some  important 
facts ;  first,  it  seems  that  an  ancient  vessel,  which  had  been 
iRrrecked  about  the  twelfth  century  in  that  branch  of  the  Rother 
^hich  ran  north  of  the  Isle  of  Oxney,  had,  when  found,  been 
covered  with  a  deposit  of  alluvial  mud  to  a  depth  of  10  feet; 

*  RevMt  Scitntifique^  p.  90,  1878. 


222  GEORGE  DOWKER  ON  ROMNEY  MARSH. 

and  by  the  fifteenth  century  the  river  in  which  the  vessel  was 
found  had  forsaken  its  course  for  one  south  of  the  island.  For- 
merly this  southern  branch  of  the  river  had  been  stopped  by 
artificial  barriers,  which  compelled  the  waters  to  keep  to  the 
northern  channel ;  this  dam  seems  to  have  been  entirely  removed 
in  1635,  and  since  that  time  the  river  has  always  taken  the 
southern  direction  to  Rye.  The  innings  of  the  lands  south  of 
the  old  Rhee  Wall  are  dated  774,  1162,  1270,  and  1339. 

We  have  also  some  data  for  the  rate  of  growth  of  the  beach 
at  Dengeness,  which,  according  to  Mr.  Redman's  calculation, 
has  an  annual  growth  of  six  yards ;  at  this  rate  the  beach  must 
have  taken  fourteen  hundred  years  to  attain  its  present  dimen- 
sions. 

We  require  more  information  respecting  the  depth  of  the 
Alluvium  of  the  Marsh,  and  the  underlying  strata.  The  state- 
ment that  the  borings  in  the  Marsh  near  Appledore  showed  70 
feet  of  alluvial  deposit  requires  confirmation ;  it  is  just  there 
that  we  might  expect  to  meet  with  Hastings  Beds  in  the  subsoil 
which,  as  I  have  before  stated,  might  be  easily  mistaken  for 
Recent  deposits,  they  being  composed  of  alternations  of  clay 
and  sand.  Near  the  escarpment  at  Hythe  we  know  very  little 
about  the  underlying  Wealden  beds.  We  want  more  information 
respecting  the  peat  beds  of  the  Marsh  and  their  contents, 
especially  the  extent  of  the  buried  forest;  also,  concerning  the 
trees  of  the  Dowles.  There  are  many  other  problems  in  this 
interesting  district  which  require  further  working  out. 

The  sequence  of  changes  in  the  Marsh  may  be  summarised 
as  follows : 

Firstly,  a  shallow  bay  existed  in  a  depression  in  the  under- 
lying rocks.     Into  this  bay  the  waters  of  the  Rother,  Tillingham, 
and  Brede,  on  the  way  to  their  outlet  near  Romney,  deposit 
their  silt,  so  that  the  northern  half  of  the  Marsh  had  become  d 
land  previous  to  the  time  of  the  Romans. 

Around  this  bay  were  formed  sand-hills. 

In  time  of  flood  the  waters  of  the  river  that  ran  out  at  Ro: 
ney  overflowed,  and,  depositing  silt,  raised  the  banks  on  eith 
side. 

A  slight  depression  of  the  land  commenced,  and  has  co 
tinued. 

Beaches  accumulated,  especially  between  Romney  and  Hytb^^ 
and    between    Romney   and   Winchelsea,      Romney    proba 
formed  a  promontory  at   Dymchurch,   near  where  the  ancie 
river,  then  called  the  Limen,  discharged  its  waters.     The  Link 
had,  by  the  twelfth  century,  changed  its  direction  so  as  to  imp>^ 
the  outflow  of  the  rivers  at  Romney,  and  to  enlarge  its  mouths 
Rye.     Finally,  in  the  thirteenth  century,  from  this  cause  and  tt»  e 
raising  of  the  river  bed  by  silt,  the  Romney  River  entirely  fors€X>Jt 
its  channel,  and  has  since  flowed  out  at  Rye. 
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The  Rhee  WmD  was,  in  the  iiisi  pboe,  x  nitmal  n\«r4Aiils 
sQbseqoeiidy  ndsed  joid  aimed  by  the  Biroos  of  the  Cmqtie 
^ort  of  Romney. 
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ON    THE    GEOLOGY    OF    THE    STORT 
VALLEY     (HERTS  AND   ESSEX) 

WITH    SPECIAL    REFERENCE   TO    THE   PLATEAU^ 

GRAVELS. 

By   the  Rbv.  Dr.    A.    IRVING,   B.A.,    F.G.S. 
[Read  3rd  Dicember^  /<S^] 

THE  two  most  interesting  factors  of  the  stratigraphy  of 
Stort  Valley  are  (i)  the  deep  erosion  of  the  Chalk  along 
Stort  Channel,  proved  to  a  depth  of  190  ft.,  and  now  for 
most  part  filled  with  detritus ;  (ii)  the  Stratified  Gravels,  a  ^ 
cession  probably  of  river-deposits,  giving  us  indications  of 
work  that  was  going  on  in  our  British  Area  during  the  pei^ 
represented  by  the  "  Neogene"  (= Miocene  -I- Pliocene)  of  c= 
tinental  Geologists.     The  two  must  be  studied  together, 
evidence  which  each  offers  supplementinG;  that  of  the  other  a^ 
the  geologic  time  represented. 

This  paper  must  be  understood  as  supplementary  to 
Report  of  the  Excursion  on  July  17th,  1897,  published  in 
Proceedings  of  the  Association,  vol.  xv,  part  5  (Nov.,  18-^ 
What,  therefore,  is  sufficiently  stated  in  that  Report  will  nod: 
here  repeated.  A  few  notes  are  appended  bearing  on  t)rM 
points  touched  upon  in  the  Report  in  connection  with  the  Ct»-<s 
the  overlying  sandy  deposits,  and  the  Pebbly  Conglomerates. 

The  Ancient  Stort  Channel, — In  addition  to  the  facts  nr^i 
tioned  in  the  Report,  some  further  details  are  here  supplied, 
list  of  wells  sunk  through  the  detritus  which  now  fills  the  char^ 
in  the  Chalk  for  the  most  part,  and  showing  in  each  case 
depth  at  which  the  Chalk  is  reached,  has  been  kindly  furnis-t 
to  me  by  Mr.  G.  Ingold,  well-sinker  of  Bishop's  Stortford* 
follows : 

Feet- 

Railway  station  Chalk  reached  at   55 

Gas-works  

Anchor  Makings 
New  Town  Malting 
South  Street  Malting    ... 
Mineral-water  works     ... 
South  Mill  Malting 
Twyford  House 
Twyford  Bury 
New  Malting  in  South  Road 

The  details  of  the  last  well  executed 
South  Road  are  as  follows : 

1.  Made  ground , 

2 .  \ji  ra  vc  1    ...         ...         ...         ...         .1 

3.  Small  Gravel  and  yellow  Sand 

4.  Grey  Clay         

February,  1898.] 
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Feet. 

5.  Grey  sandy  Gravel      2 

6.  Blue  sandy  Gravel       2 

/.     Diue  v>iay  ...         ...         ...         ••«         ...         ...         ...       3 

8.  Brown  peaty  Clay       31 

9.  Blue  sandy  Clay  3 

10.  Grey  Sand,  Shingle,  and  Stones       30 

11.  Yellow  and  grey  Sand  and  Shingle              10 

12.  Grey  Sand  and  Shingle          16 

ij.  Dtuc  v/iay          ...          ...          ...          ...          ...          ••.          ••.  3 

14.  Dark  grey  Sand           ...         ...         ...         ...         ...         ...  17 

15*  Brown  Sand      ...         ...         ...         ...         ...         ...         ...  i 

16.  Yellow  Sand  and  loamy  layers          15 

I7«  Clay  and  Stones          ...         ...         ...        ...         ...        ...  10 

170 
Chalk  with  flints         55 

Depth  of  well     ...        ...        ...        ...         ...        ...         ...  225 

What  in  reality  are  these  deposits?    There  is  no  evidence 
^om  the  boring  (since  the  materials  were  not  brought  up  in  cores) 
^  help  us  as  to  their  stratification.     Are  they  then  of  Quaternary 
Of    pre-Quatemary  age?     Or  are   they   recent  alluvium,   mere 
^own-wash  from  the  adjacent  terrain  ?    The  choice  of  these  al- 
ternatives affects  immensely  their  value  as  evidence  of  the  age  of 
^^  channel  of  erosion  in  the  Chalky  and  upon  this  hanG;s,  as  we 
^hall   see,  to  a  large  extent  the  age  of  the  Stratified  Gravels. 
^ome  light  is  thrown  upon  this  as  we  work  northwards  up  the 
Ancient  channel.     To  do  this,  we  must  leave  the  line  of  the 
p^resent  Upper  Stort  river,  which  rises  above  Clavering,  and  follow 
^lie  line  of  the  Great  Eastern  Railway  up  to  the  present  water- 
shed between  the  drainage  of  the  Stort  and  that  of  the  Cam  at 
£^lsenham.     Close  to  Stanstead  Station  a  gravel-pit  has  been 
^recently   opened,  and    is    worked   by  the  side  of  the  railway. 
Here  about  15  feet  of  a  sandy  gravel  are  worked.     The  gravel 
IS  distinctly  stratified,  with  pronounced  false-bedding,  surmounted 
iDy  some  20  feet  of  angular  flinty  material,  very  irony,  quite  un- 
stratlfied,   an   unquestionable   glacial  deposit.       The   stratified 
gravel  rests  on  an  uneven  surface  of  a  "  white  clay  "  with  flints, 
^which  appears  to  be  reconstructed  half-decalcified  Chalk  material. 
The  stratified  gravel,  of  Quaternary  age  at  the  latest,  may  cor- 
xespond  very  well  with  the  20  feet  of  "  small  gravel  and  yellow 
sand"    (No.  3)  in  the  well-section;  and  the  underlying  white- 
clay  with  flints  may  possibly  represent  the  10  feet  of  "clay  and 
stones"  (No.   17)  of  that  section,  the  intermediate  beds  being 
wanting  in  the  Stansted  section,  either  from   the  latter  being 
higher  up  the  old  valley  or  on  the  valley-flank.     This  valley  is 
truncated  by  the  Elsenham  Gap  in  the  Chalk  range,  to  the  north 
of  which  we  enter  upon  the  valley  of  the  Cam,  referred  to  in  the 
Report  of  the  Excursion,  also  a  buried  valley,  as  described  by 
W.  Whitaker  (see  Report  for  reference  to  his  paper). 
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Close  to  Elsenham  Station,  and  almost  on  the  very  watershed 
of  the  district,  a  well  has  recently  (October,  1897)  been  bored  by 
Mr.  Ingold.  The  mouth  of  this  well  is  300  feet  above  O.D., 
and  it  pierces  90  feet  of  what  Mr.  Ingold  describes  as  a  flinty 
gravel  before  the  Chalk  is  reached.  It  is  probably  in  the  main 
mere  flinty  residuum  of  the  Chalk  of  the  neighbouring  hills,  such 
as  one  sees  exposed  in  the  cuttings  near  the  ends  of  the  tunnels 
which  pierce  the  Chalk  hills  on  the  Great  Northern  and  Midland 
Railways.  Rubbly  Chalk  material  was  brought  up  from  the 
lower  portion,  and  in  this  I  found,  in  addition  to  the  flints,  stray 
pebbles  of  Chalk,  Millstone  Grit,  and  Carboniferous  Limestone, 
the  last  two  varieties  of  rock  being  no  doubt  brought  down  from 
the  plateau  gravels  at  a  higher  level,  along  with  the  flinty  stuff*,  the 
degradation  of  the  hills  having  been  aided  by  glacial  agencies. 
The  Stort-Cam  watershed  about  Elsenham  may  therefore  date 
from  the  Glacial  Period.  A  little  reflection  will  show  that  if 
we  deduct  (at  least)  90  feet  from  its  altitude,  we  get  down  to 
a  level  for  the  ancient  channel  in  the  Chalk,  which  requires 
no  very  steep  gradient  to  correlate  it  with  the  channel,  whose 
depth  is  known  at  Bishop's  Stortford.  The  head-waters  of  the 
Cam  no  doubt  represent  some  reversal  of  drainage  since 
Tertiary  times.*  If  we  take  the  data  to  hand,  and  calculate  the 
gradient  of  the  ancient  channel,  from  200  ft.  O.D.  at  Elsenham, 
to  o  ft.  O.D.  (or  thereabouts)  at  Bishop's  Stortford,  we  get  a  result 
which  gives  much  less  than  i*^.  And  the  question  arises  as 
to  the  correlation  of  this  with  the  ancient  channel  of  the  Lea 
between  Broxbourne  and  the  Thames.  Evidence  on  this  point 
might  lead  to  some  further  interesting  conclusions. 


The  Stratified  (High-Level)  Gravels. 

These  present  us  with  the  most  knotty  point  of  the  geology  of 
the  district  under  consideration  (see  "  Report  of  Excursion  "). 

In  the  extensive  gravel-pit  at  Thorley  there  is  no  trace  of  a 
"  passage  "  between  the  gravels  and  the  overlying  Boulder  Clay. 
To  look  upon  the  gravels  there  exposed  as  in  any  way  subordinated 
to  the  Boulder  Clay  seems  out  of  the  question.  They  represent  a 
totally  different  set  of  conditions  of  deposition.  It  is  very  diflScult 
to  regard  them  as  in  any  sense  "  inter-Glacial."  Everything  in 
their  structure  and  arrangement  shows  them  to  be  fluviatile  de- 
posits, mere  portions  of  wider  spreads  of  river-shingle,  along  the 
lower  course  ( Unterlauf)  of  a  river,  the  current  of  which,  losing  a 
portion  of  its  force  by  the  lessening  of  its  gradient,  has  deposited 

•  Comp.  A.  V.  Jenning,  F.G.S.,  "On  the  structure  of  the  Davos  Valley,"  Ahs,  of  Proc, 
Geol.  Soc.  for  Jan.  5th,  1898,  and  Mr.  Harmer's  reference  (/.  c. )  to  the  watershed  of  the 
Waveney  and  the  little  Ousc.  I  have  referred  in  former  papers  to  a  similar  reversal  of 
drainage  by  glacial  detritus  at  the  Pass  of  Manrach  at  the  south  end  of  the  Achensee  in 
North  Tyrol,  which  I  had  good  opportunities  for  studying  soipe  years  ago.3 
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materials,  which  with  the  higher  gradient  of  its  middle  course  {Mit- 
ttUauf)^  it  was  able  to  drive  along  its  channel.*  Observation  of  sub- 
Alpine  rivers  shows  that  the  gradient  needed  for  a  river  to  be  able 
thus  (especially  in  times  of  flood)  to  keep  its  channel  in  its  middle 
course  pretty  free  from  the  detritus  brought  down  ft-om  its  head- 
water r^ons  {Sammeigebiet  or  Oberlauf)  is  not  very  great.    In  my 
paper  in  the  Geological  Magazine  oi  May,  1893,  "  On  Post-Eocene 
Surface-Changes  in  the  London  Basin,'' I  have  shown  how  we  may 
rationally  comprise  gravels  of  the  Southern  Drift  to  the  south  of  the 
'^^ames,  lying  at  varying  altitudes  in  the  Plateau-Gravel  series ;  and 
the  same  argument,  I  conceive,  applies  {mutatis  mutandis)  to  the 
^^teau-Gravels  of  Herts  and  North  Essex.     Here  we  have  to  do, 
"Owever,  with  materials  of  the  Northern  and  Mercian  Drifts  mainly 
^^e  latter,  as  the  composition  of  the  gravels  indicates.  There  are  few 
*^l>angular  and  discoloured  flints  in  them,  instead  of  a  preponder- 
^'^ce,  as  we  find  in  those  of  the  Southern  Drift  on  the  south  of  the 
*  hames ;  fragments  of  Neocomian  chert  seem  to  be  wanting ; 
'•'hile  flint  pebbles  are  numerous,  as  are  also,  in  these  gravels, 
Pebbles  (large  and  small)  of  quartz  and  quartzite  (white,  pink,  and 
iiver-colourwi),   and  even   rolled  fragments    of    the    crystalline 
rooks. 

Some    of   these    quartzite    pebbles    are  of   fair    size,    and 
t^^ing   exceedingly   tough    are    thrown    aside    in   the  pits    for 
^3^  as  "  setting-stones "  for  rough  paving  work  in  the   neigh- 
t>oiirhood.       They    have    the    same    lithological    character    as 
tHe  well-known    quartzite    pebbles    of   the  Midlands    {e.g,  at 
Sutton  Coldfield)  and  of  the  Devon  Bunter  (Budleigh  Salterton 
a-Tid  Aylesbear   Hillst),  which   often   contain   casts   of  Silurian 
fossils.    These  larger  pebbles  are  found  at  the  bottom  of  the  gravely 
along  with  sub-angular  blocks  of  sarsen-stone   (the    wreckage 
probably   of  later  Eocene  or  Oligocene  strata  of  the  Tamisian 
area),  occasional  well-rolled  masses  of  Millstone-Grit,  and  sub- 
angular  blocks  or  pebbles  of  vein-quartz.     Their  occurrence  at 
the  base  of  the  gravels  tells  of  the  maximum  of  driving  power 
^when  its  gradient  was  highest)  of  the  river,  which  brought  them 
to  their  present  position,  the  driving  power  diminishing  as  that 
gradient  diminished,  with  the  lowering  by  denudation  and  crust- 
movements  of  the  Mercian  uplands,  from  whence  the  waters  of 
the  river  came  (to  join  those  of  the  ancient  Kennet-Thames 
^eyj).    Their  immediate  source  can  only  be   found   in   the 
hunter  Sandstone  of  the  Trias,  and  for  this  we  have  to  look  to  the 
North  and  West  Midlands,  all  the  intermediate  country  being 
occupied  by   younger  formations.      These    quartzite  pebbles  of 
5^11  boulder  dimensions  seen  lying  in  the  Thorley  Gravel-pit, 

Comp.  Dr.  Hermann  Credner,  "  Elemente  der  Geologic  "  (Prozess  der  Thalbildung), 
PP"  *38— 441  (6th  Ed.,  Leipzig),  who  adopts  these  terms  from  Prof.  Albert  Heim  of  Zurich. 
,.  t  ComiMure  A.  Irving,   "On  the  Devon  Red  Rocks,"  Quart.  Joum.  Geol.  Soc.y   vols, 
^'  •nd  xlviii. 

n»J  .See  A.  Irving,  "  On  the  Stratigraphy  of  the  Bagshot  Beds  of  the  London  Basin  " 
^»^u);  Quart,  J wm.  (kol,  Soc,  for  May,  1888. 
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are  precisely  the  same  as  are  picked  off  the  fields  for  road-metal  in 
the  Trent  country,  where  (as,  e.g.^  in  the  Leen  Valley)  the  erosion 
of  the  Bunter  has  been  carried  by  river  action  down  to  the 
Permian  Mails.*  I  do  not  think  that  a  complete  collection  of 
the  Thorley  pebbles  (flints  and  sarsens  excepted)  would  fail  to  be 
matched  seriatim  at  Sutton  Park  near  Birmingham.  Fine  sections 
of  the  stratified  gravels  are  met  with  further  up  the  ancient  Stort 
Channel  at  Stansted,  (a)  off  the  Cambridge  Road,  (b)  near  the 
National  Schools,  (c)  north  of  the  Castle  Mount  These  gravels 
are  overlain  at  each  place  by  a  glacial  deposit,  consisting  of  sand 
and  weathered  (mostly  unworn)  flints,  taking  the  place  of  the 
Boulder  Clay  of  some  of  the  previous  sections.  The  stratification 
of  the  river-gravels  here  has  been  flexured,  as  if  from  the  local 
pressure  here  and  there  of  pack-ice  above.  In  all  three  sections 
well-rolled  fragments  of  a  Gryphaa  are  quite  common  in  the 
stratified  gravels  y  and  the  sand,  which  is  abundant,  is  coarse  and 
gritty,  a  true  river  sand,  with  very  little  irony  investment  of  the 
grains.  At  the  north  end  of  the  Thorley  pit  the  stratified  gravels 
are  more  disturbed,  even  puckered,  as  if  pack-ice  or  raft-ice  floating 
down  from  the  north  had  stranded  against  the  bluff  of  the  hill. 

Of  the  Stratified  Gravels  described  in  this  paper,  we 
may  say : 

T.  It  is  tolerably  certain  that  they  were  laid  down  by  rivers^ 
while  the  materials  tell  us  that  those  rivers  came  from  the  Mercian 
region. 

2.  No  rivers  could  possibly  have  laid  them  down  on  the  brows 
and  bluffs  of  the  present  hills,  where  we  now  find  them,  with  the 
present  surface  contours. 

3.  They  are  proved  to  be  of  older  date  than  the  Boulder 
Clay  and  its  equivalents  by  the  superposition  of  the  latter. 

4.  Their  position  with  reference  to  the  present  terrain  shoi 
that  they  are  of  much  older  date  than  the  present  Stort  drainage.* 

But  (5)  the  Stort  valley  itself  is  probably  of  pre-Quatemar^ 
date,  and  the  extent  of  its  erosion   interposes  a  long   interval 
between  the  gravels  and  the  Boulder  Clay. 

We    may    feel    some    confidence    therefore   in    dating    the 
deposition  of  these  gravels  far  back  into  Tertiary  time,  probably 
the  Miocene,  the  most   probable  account  of  them  being   tha( 
which  regards   them   as   deposits  of  Mercian  rivers  of  the  great 
Miocene  elevation  of  North- Western  Europe, 

Some  differential  movements,  doubtless,  *  occurred  over  the 
East  Anglian  region,  to  let  in  the  shallow  waters  of  the  sea,  in 
which  the  Crag  was  deposited  in  Pliocene  time  over  the  eroded 
surface  of  the  London  Clay,  filling  in  many  cases  its  sub-aerial 
valleys  on  the  more  eastern  side  of  the  region;  and  as  a 
counterpart  to  the  subsidence    there,  it   is  possible   that  some 

*  At  Irving,  "  On  the  Geology  of  the  Nottingham  Pistrict,"  Ptoc,  Gepl,  Assoc.,  vol.  iv. 
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corresponding  axial  elevation*  on  this  more  western  side  of  the 
East  Anglian  region  may  account  for  the  extensive  erosion  of 
the  channels  of  the  Cam  and  the  Stort  alluded  to  above. 

It  is,  I  think,  a  reasonable  hypothesis,  that  as  the  counter- 
part to  such  a  movement — a  mere  ripple-flexure  of  the  crust  as 
compared  with  the  great  movements,  which  took  place  on  the 
Continent  of  Europe  at  the  close  of  the   Miocene  age — some 
subsidence  also  took  place  a  little  further  to  the  north  ;  and  that 
from  this  may  date  the  cutting-through  of  the  gap  in  the  Chalk, 
in  which  the  great  estuary  of  the  Wash  now  lies.     This  would 
give  a   Pliocene  date  for  the  eastward  trend  of  all  the  present 
Mercian  rivers  south  of  the  Trent,   and   fully  account  for  the 
incidental  pre- Quaternary   excavation  (in   part  at  least)  of  the 
now- buried  valley  of   the  Cam,  to  which    reference  has    been 
made  above.     If  this  were  so,  then  an  additional  argument  is 
furnished  for  dating  back  to  the  Miocene  the  deposition  of  our 
stratified    plateau-gravels,   laid  down   by  Mercian  rivers,  cutting 
through  the  Chalk  into  the  Tamisian  area. 

The  late  Sir  Andrew  Ramsay  has  pointed  outf  that  "the 
Aliocene  Period  of  old  Europe  was  essentially  a  continental 
one";  and  his  speculations  (loc,  cit,)  led  him  to  assign  the 
southern  flow  of  the  Severn  to  differential  movements  of  the 
Alercian  area  at  the  close  of  the  Miocene  period.  The  present 
'Writer  ventures  to  go  further,  and  to  suggest  a  causal  connection 
t)etween  that  later  Tertiary  initiation  of  the  present  West-Midland 
cirainage,  and  the  great  averthrust  faulty  which  brought  up  the 
.Archaean  Crystalline  rocks  along  the  Malvern  and  Wrekin  line  of 
elevation,  with  a  corresponding  underthrust  of  some  thousands  of 
feet  of  the  Palaeozoic  Strata.  The  dislocation  indicated  by  that 
fault  is  on  a  scale  of  sufficient  magnitude  to  furnish  all  the  data 
^vre  want  for  Ramsay's  hypothesis ;  and,  on  the  other  hand, 
enables  us  to  understand  how,  prior  to  the  Malvern-Wrekin 
^peirogenic  movement,  rivers  originating  even  in  the  Welsh 
Highlands  could  have  flowed  into  the  Tamisian  area. 

A  week  or  so  after  this  paper  was  read,  1  had  occasion  to  visit 
AVelwyn,  which  lies  in  the  deep  valley  of  the  Mimram  or  Maran,  and 
-was  struck  with  the  precise  similarity  of  the  gravels  there  (at  about 
220  feet  O.D.)  to  those  of  the  Stort  Valley.  In  the  principal  pit 
near  the  village  we  meet  with  good  sections  of  the  same  stratified 
gravels,  with  Triassic  debris^  as  we  find  hereabouts  (Thorley, 
Stansted,  etc.).  The  bottom  of  the  gravel  is  not  seen  in  the  pit. 
Overlying  the  stratified  gravel  are  10  to  15  feet  of  unstratified 
flinty  angular  stuff,  almost  all  flints,  more  or  less  weathered,  but 
not  rolled  to  any  extent.  The  section  is  almost  the  exact  counter- 
part to  those  at  Stansted  (supra).     The  head  of  the  Valley  of  the 

•  In  the  Mem.  of  the  Geol.  Supvey^  on  this  district,  two  considerable  anticlinals  in  the 
Cbalk  are  figured.    These  seem  to  afford  direct  evidence  of  such  an  ax     of  elevation  as  is 
here  postulated, 
t  Phys,  Ceoi,  andCeog.  ofCt.  Britain^  p.  508,  5th  ed. 
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length  being  the  result  of  accidents  of  contour  developed  in  lat 
times,  while  the  true  parent-rivers,  as  shown  by  the  antiquity 
their  valleys,  are  in  the  former  case,  the  valley  of  the  Mimran 
which  is  truncated  by  the  Hitchin  Gap,  and  in  the  latter  cas< 
that  which  is  truncated  at  the  Elsenham  Gap,  and  joins  the  model 
Stort  valley  below  Stansted.  The  main-line  of  the  Great-Easta 
Railway  therefore  follows  the  line  of  the  pre-Quarternay  channel 
Since  this  paper  was  read,  I  have  had  the  pleasure  of  tl 
perusal  (with  the  accompanying  map)  of  the  interesting  paper  I 
Mr.  H.  J.  Osborne  White,  F.G.S.,  published  in  the  Associatior 
Proceedings  (vol.  xv,  part  4).  I  am  happy  to  find  that  my  rece 
observations  and  the  conclusions  to  which  they  lead  here  in  tl 
I^a-Stort  country,  harmonise  with  his,  farther  to  the  west, 
should  also  add,  that  I  think  he  has  made  out  a  good  case  f 
the  pre-Quaternary  initiation  of  the  line  of  drainage  since  deepens 
into  the  Goring- Pangbourne  Gap  through  the  Chalk,  and  this 
the  more  satisfactory,  as  it  relieves  one  of  some  doubt,  which 
felt  at  the  time,  about  suggesting  the  initiation  of  that  valley  1 
an  overflow  of  an  extra-morainic  west  Mercian  lake.  Mr.  Whiti 
quotations  from  Professor  Davis  are  to  the  point ;  but  I  a 
assure  him  that  to  those  of  us,  who  are  familiar  with  the  Germj 
literature  of  Geological  Science,  as  represented  by  such  excelle 
works  as  that  of  Professor  Hermann  Credner,  of  Leipsig,  the  ide 
of  Prof.  Davis  are  not  altogether  new.  The  reading  adopted 
this  paper  of  the  history  of  these  Stratified  Gravels  on  t 
northern  side  of  the  Tamisian  area  harmonises  with  t 
view  of  himself  and  others  as  to  the  Southern  Drift,  ai 
is  corroborated  by  the  writer's  own  observations  last  autun 
of  very  fine  new  sections  of  a  stratified  terrace-gravel 
the  valley  of  the  Trent,  at  Silver  Hill,  Beeston,  near  Nottinghai 
The  gravel  is  shown  in  duplicate  sections,  and  is  about  40  U 
above  the  present  Trent  river.  There  also  it  is  easy 
observe  the  decreasing  coarseness  of  the  materials,  as  o 
works  up  the  section,  the  gravels  passing  upwards  into  beds 
reconstructed  Bunter  sand.  To  such  an  extent  are  they  ma- 
up  of  Bunter  materials,  that  some  of  the  Nottingham  Geologii 
have  mistaken  them  for  Middle  Bunter  Pebble  Beds ;  but  t 
possibility  of  such  an  interpretation  was  soon  seen  by  the  writ 
to  be  excluded  by  the  quite  common  occurrence  in  them 
angular  and  sub-angular  fragments  of  bleached  flints  from  i 
Chalk.  Their  pre-Cilacial  age  is  shown  by  the  superpositic 
upon  them  of  several  feet  of  Glacial  Drift,  with  large  Bunt 
pebbles  standing  erect  in  the  unstratified  sand. 

Note  I. 

T/ie  junction-plane  of  the  Chalk  and  the  Tertian'es.—That 
Chalk  has  undergone  some  destruction  is  evident  from  the  ^ 
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^quantity  of  large  and  small  unrolled  nodular  flints  at  this  horizon, 
as  stated  in  the  Report.     In  suggesting  that  this  is  due  to  marine 
abrasion,  I  have  been  perfectly  aware  of  the  theory  put  forward 
in  vol.  iv  of  the  Memoirs  of  the  Geological  Survey  many  years  ago 
^pp.  58,  59).      In  the  discussion  of  this  paper  Mr.  Whitaker 
reiterated  that  view,  but  advanced  no  fresh  evidence   in  support 
of  it.     It  was  suggested  that  the  removal  of  the  chalk  in  solution 
by  carbonated  rain  water  might  take  place  below  the  permanent 
water-line  in  the  ground  ;  but,  if  that  were  so,  we  should  expect  to 
find  the  chalk  cavernous  and  not  merely  planed  down,  and  the 
actual  amount  of  work  done  would  be  quite  insignificant,  because 
without  free  circulation  of  such  waters  the  water  in  contact  with 
the  chalk  would  very  soon  have  its  small  amount  of  free  CO2 
fixed  (in  other  words  it  would  be  chemically  saturated),  and  solution 
would  cease.     Curiously  the  necessity  for  such  free  circulation 
of  carbonated  atmospheric  water  was  recognised  when  the  theory 
was  propounded  Qoc,  cit).  Again,  though  the  permeable  character 
of  the  Thanet  Sands,  as  they  overlie  the  Chalk  {e,g,)  in  Pegwell 
Bay,  may  favour  such  a  theory,  it  is  very  difficult  of  application 
where  the  strong  clays  of  the  Reading  Beds  rest  upon  the  Chalk. 
Moreover,  it  is  not  quite  true  to  say  that  "  the  flints  never  show 
any  traces  of  having  been  rolled  or  worn  by  the  action  of  water," 
for  I  have  found  green-coated  flint  pebbles  in  the  basement  bed 
of  the  Reading  Beds  here,  and  much  more  commonly  at  Reading. 
I   may  perhaps  be  allowed  to  add  an  unpublished  note  made  in 
1880  on  a  new  pit-section  in  Coley  Hill  brickyards  at  Reading,  as 
follows  :  "  4  feet  immediately  above  the  Chalk  include  the  Ostrea- 
bed  and  flints,  also  phosphatic  nodules  scattered  more  or  less 
through  the  whole  range  of  the  bed.     At  about   3  feet  from  the 
base,  a  regular  continuous  layer  of  broken  O.  bellovacina.     The 
clays  above  and  below  this  glauconitic ;  well-rounded  pebbles  dis- 
persed through  the  bed.    Surface  of  chalk  very  regular.    For  about 
I  foot  below  present  surface  of  the  chalk,  numerous  small  fissures 
and  tubes  lying  in  all  directions,  and  at  all  angles,  fllled   with 
glauconitic  material."     Upon  the  whole,  I  agree  with  Dr.  Barrois,* 
that  it  is  more  probable  that  (as  first  suggested  by  Mr.   Dowker), 
the  facts  observed  are  due  to  "  the  decomposition  of  the  Chalk 
while  it  was  emerging  from  the  sea  between  the  Cretaceous  and 
Tertiary  periods,"  and  while  the  Maestricht  Beds  were  being  formed. 
The  general  regularity  of  the  surface  of  the  Chalk  beneath  the 
Tertiaries  is  however  departed  from  occasionally ;  and  in  October, 
1897,  a  fine  section  was  for  a  short  time  exposed  in  a  chalk-pit  in 
Mr.  Glasscock^s  brickyard  here.     The  Chalk  was  channelled  to  a 
depth  of  8  feet,  as  shown  in   the  accompanying  figure.     Here,  in 
my  opinion,  we  have  direct  evidence  of  the  local  solution  of  the 
Chalk  during  the  deposition  of  the  Reading  Beds,  as  shown  by 
the  subsidence  of  the  lower  beds  into  the  hollows.   There  can 

•  Rtchtrchet  sur  It  terrain  criiaci  supiricttry  p.  182. 
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ardly  be  any  doubt,  in  our  present  state  of  knowledge,  that  the 
)tting  away  of  buried  banks  of  seaweed  would  furnish  the  solvent 
hich  eroded  the  Chalk  on  the  scale  shown  in  the  figure. 


Note  11. 

Woohvich  and  Reading  Beds. — In  the  brickyards  these  rest 
pen  an  eroded  surface  of  the  Chalk,  in  which  I  have  not  been 
lie  to  detect  any  tubes  formed  by  the  root-stocks  of  Algae,  and 
[led  with  glauconitic  sand,  as  at  Reading ;  nor  have  I  been  able 
►  observe,  or  hear  of,  the  occurrence  of  Ostrea  bellavacina  so 
)mmon  at  Reading,  Highclere,*  and  elsewhere  at  this  horizon, 
reen-coated  flints  (occasionally  pebbles)  are  common  in  the 
isement-bed,  which  is  much  more  argillaceous  than  the  over- 
ingbeds  in  the  sections  under  notice.  The  upper  stiff  Plastic 
lay  of  the  Katesgrove  and  Coley  Hill  pits  on  either  side  of  the 
.ennet  at  Reading  is  wanting  in  the  Rye  Street  section.  [On 
either  side  of  the  Stort  have  I  been  able  to  detect  any  traces  of 
leaf-bed,  such  as  that  observed  by  my  former  pupil,  Mr.  Mackesy, 
id  myself  in  the  sands  of  the  Katesgrove  Pit  in  the  year  1880, 
id  described  later  by  Mr.  J.  S.  Gardner  (See  Brit.  Assoc, 
"Report,  1885).] 

The  principal  bed  is  a  "brick-earth"  in  its  composition, 
lough  mottled  by  staining  of  iron  oxide,  as  the  stiff  clay  is  in  the 
Leading  pits.  It  is  in  all  probability  the  equivalent  of  the  mot- 
ed  loam  "  and  the  "  yellow  sandy  loam  "  of  some  of  the  well- 
actions  of  the  district. 

I  have  been  unable  to  ascertain  that  any  fossils  have  been 
)und  in  the  Reading  Beds  of  this  locality.  The  green  coating  of 
le  flints  (which  are  not  generally  rolled  into  pebbles)  tells  of  the 
)ng  action  of  decomposing  vegetable  matter  (in  this  case  pro- 
ably  sea-weeds)  taking  up  iron  in  the  form  of  soluble  compounds, 
nd  thus  enabling  it  to  re-act  upon  the  silica  of  the  flint,  to  form 
ilicate  of  iron ;  a  similar  reaction  no  doubt  accounting  for  the 
rains  of  glauconite  so  common  in  the  basement  bed  of  this  for- 
lation.f  Silica  occurs  with  such  great  variations  in  its  molecular 
:ructure,  that  the  action  in  such  cases  is,  no  doubt,  selective, 
le  iron  in  solution  acting  more  readily  upon  the  colloid  (hydrated) 
irieties  than  upon  the  crystalline  quartz. 

If  this  view  be  correct,  we  can  scarcely  say  that  "  the  green 
mating  of  the  flints  is  owing  to  the  deposition  of  a  salt  of  iron 
om  the  water"  (See  ^^ Mem.  GeoL  Survey'  vol.  iv,  p.  59). 

[At  Mr.  Glasscock's  brickyard  a  bed  of  true  glauconitic  green- 
md  is  met  with,  intercalated  with  the  brick-earths.     At  the  same 

*  Sftc  A.  Irving.  Quart,  Joum,  Geol,  Soc,  vol.  xliv,  p.  164. 

t  Cf.  A.  Irving.  "  On  Organic  Matter  as  a  Geological  Agent,"  Proc.  Geol.  Assoc.  ^  vol.  xii^ 
33;r ;  also  Chem.  and  Phys,  Studies  in  the  Metamorpkism  of  Rocks  (Longmans,  1889), 
E>p.  i.  (d). 

February,  1898.]  18 
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place  further  excavation  into  the  flank  of  the  hill  has  laid  bare  a 
section  of  the  sands  passing  up  into  three  to  five  feet  of  the  stiff 
mottled  clay  (January,  1898).  This  gives  the  whole  series  a  more 
complete  "  Reading  "  facies.] 

Note  III. 

On  the  ^^  Herts  Puddingstone.^'* — Sarsens  are  very  com- 
monly met  with  hereabouts,  both  with  and  without  pebbles, 
the  siliceous  cementation  being  in  all  cases  the  same.  Perhaps 
the  most  magni6cent  examples  to  be  met  with  in  the  county  are 
those  in  the  grounds  of  Oak  Hall,  the  residence  of  Mr.  G.  E. 
Pritchett,  F.S.A.,  which  the  members  who  joined  the  excursion 
inspected.  The  largest  block  I  should  estimate  to  weigh  from 
6  to  8  tons ;  and  there  were  others  to  be  seen  of  huge  dimensions 
They  were  got  from  the  bottom  of  the  Boulder  Clay,  in  a  field 
near  Whitehall,  at  an  altitude  of  about  250  feet  O.D.,  many  years 
ago ;  and  several  pebbly  and  non-pebbly  examples  of  fair  size  are 
to  be  seen  still  lying  about  the  farm-premises  there.  Others  of 
considerable  size,  full  of  pebbles,  may  be  examined  about  the 
entrance  of  the  timber-yard  of  Mr.  J.  L.  Glasscock,  close  to  the  river 
Stort,  but  their  history  is  unknown.  Fragments  of  such  con- 
glomerates are  found  from  time  to  time  among  the  coarser  rolled 
detritus  near  the  bottom  of  the  stratified  gravels  described  above. 
These  conglomeratic  fragments  are  quite  angular  (at  least  on  one 
side)  and  derived  therefore  from  local  sources.  Such  pebble- 
conglomerates  are  not,  of  course,  confined  to  this  locality.  Two 
years  ago  I  saw  in  the  Ipswich  Museum  a  large  block  of  the  same, 
obtained  from  the  base  of  the  plateau-gravels  near  the  cemetery, 
resting  upon  Tertiary  Sands,  just  as  the  non-pebbly  Sarsens  are 
found  still  in  the  Bagshot  country,  where  for  centuries  they  have 
been  extracted  for  building  and  paving  purposes.f  (They  are 
quite  different  lithologically  from  the  conglomerates  with  angular 
discoloured  flint  fragments  cemented  by  peroxide  of  iron,  which 
form  frequently  an  integral  part  of  the  plateau- gravels  themselves, 
and  are  occasionally  used  for  building  purposes,  as  in  the  tower 
of  the  old  church  at  Wokingham,  and  in  the  ancient  Roman  walls 
of  Silchester.) 

It  seems  a  fair  inference  to  draw  from  such  facts  as  are  stated 
here  and  in  the  Report  of  the  Excursion,  that  these  pebbly  Sarsens 
of  Herts,  may  be  agglutinated  remains  of  Bagshot  Pebble  Beds, 
which  once  extended  over  this  portion  of  the  Tamisian  area,  the 
unagglutinated  portions  of  such  pebble  beds  being  represented,  in 

•  One  may  still  meet  with  the  \-ulgar  idea  amon«  the  natives,  that  these  are  '*  breedin' 
stoans  " 

t  It  is  probably  well-known  that  the  sagacious  William  of  Wykeham  perceived  their 
value  for  durability,  and  scoured  the  country  for  many  miles  to  procure  them,  for  facing  the 
older  structure  of  Windsor  CTastle. 
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a  disturbed  state,  by  the  gravels,  of  Prestwich's  Brentwood  Series, 
to  which  reference  has  akeady  been  made. 

[It  is  satisfactory  to  know  that  similar  agglutinated  masses  of 
the  Pebble  Beds  below  the  London  Clay  (such  as  one  sees  about 
Addington)  are  met  with  in  the  Croydon  neighbourhood,  as  stated 
by  Mr.  VVhitaker  in  the  discussion  of  this  paper  on  December  3rd.]* 


ORDINARY  MEETING. 

Friday,    5TH    November,    1897. 

E.  T.  Newton,  F.R.S.,  President,  in  the  Chair. 

Frank  Douglass  was  elected  a  Member  of  the  Association. 
The  meeting  then  resolved  into  a  Conversazione,  and   the 
following  is  a  list  of  the  exhibitors  and  their  exhibits : — 

The  Director-General  of  the  Geological  Survey  :  Colour- 
printed  Index  Maps  of  the  Geological  Survey. 

li.  T.  Newton  :  Arctic  Fossils  from  Franz  Josef  Land. 

AV.  Whitaker  :  Cores  from  a  Boring  at  VVeeley,  Essex  (probably 
Silurian).  1 

Dr.  F.  Corner  :  A  series  of  weapons,  bones,  pottery,  etc.,  from 
Pile  Dwellings  in  the  Lea  Valley  (Crannog  Sections). 

W.  F.  Gwinnell  :  Miocene  fishes ;  and  photographs,  chiefly  in 
connection  with  excursions  of  the  Association. 

Benjamin  Harrison  :  A  series  of  Ex)lithic  Implements  from  the 
British  Association  Pits,  1894. 

J.  D.  Hardy  :  A  Micro-Camera,  a  simple  means  of  photographing 
microscopic  objects. 

A.  S.  Kennard  :  Mollusca  from  the  Ightham  Fissure. 

F.  R.  B.  Williams  :  Fossils  from  the  London  Clay,  collected  by 

the  late  Nathaniel  T.  Wetherell. 
J.  Alstone  :  Specimens  of  gold-bearing  quartz,  coal,  and  croci- 
dolite,  from  the  Transvaal,  and  of  zinc  and  copper  ores  from 
Mount  Usher  Mine,  Queensland. 

B.  McNeill  :    A  fine  series   of  enlargements   of  photographs 

taken  during  the  excursions. 
P.  A.  B.  Martin  :  Palaeolithic  Implements. 
Upheld  Green  :  Upper  Jurassic  Cephalopoda  from  Russia,  and 

fossils  from  Nassau. 
Ernkst  Swain  :  Arrow  heads,   etc.,  from  the  Mexican  Border, 

Colorado. 
J.  T.  HoTBLACK :  Polished  Flints  from  Plateau  Gravel,  Norwich  j 
<    exhibited  and  explained  by  Horace  B.  Woodward. 

G.  C.  Crick  :  Model  of  the  shell  oi  Ascoceras, 

*  Sec  W.  Whiiaker,  "(ieolojuy  of  Loiulou,  '  Mem.  licoi.  Suri'ey^  j).  joo. 
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R.  S.  Herries  :  Asteroidea  and  Ophiuroidea  from  the  Capriconius 

and  Jamesoni  Zones  of  the  Lias,  Boulby,  Huntcliff,  Stalthes, 

and  Robin  Hood  Bay,  Yorkshire. 
J.  R.  Tennear  :  Photograph  of  Sarsen  (?)  Stone  in  drift  above 

Upper  Corallian  Ironstone,  Westbury,  Wilts. 
J.  Sheer  :  Quartz  veins  in  Killas  from  North  Cornwall. 
G.  E.  DiBLEV  :  Chalk  Fossils  and  Mineral  Structures  in  Chalk. 
A.   S.   FooRD :     Models  of    the  Witwatersrand    Gold    Fields, 

Transvaal. 
D.  Taylor  :  A  series  of  Flint  Implements  from  Cissbury,  Sussex. 
John  Gray  :  Natural  Petroleum  from  Oil  Shales,  Pentland,  and 

from  St.  Catherine's  Well,  Liberton. 
J.  Fox:  Bone  Musical  Instruments. 
A.  E.  Salter  :  Erratics  from  High  Level  Gravels  in  Dorset  and 

Devon,  with  micro-sections. 
A.  N.  Butt  :  Typical  Rock  specimens  from  the  coal  fields  and 

gold  fields  of  the  Transvaal,  and  also  from  Helderfontein, 

Waterberg  District,  Transvaal,  with  sketch-maps  and  photos. 
A.  MoRLEY  Davies  :  Upper  Jurassic  Fossils  from  Buckingham- 
shire and  Oxfordshire. 
Miss  C.  A.  Raisin  :  Sp)ecimens  and  micro-sections  of  Serpentines 

and  Amphibolite  from  the  Vosges. 
H.  Fleck  :  Igneous  Rocks  from  North  Wales,  and  micro-sections 

of  same. 
W.  J.  Atkinson  and  E.  Montag  :  Basalt  changing  into  White 

Trap,  Bathgate  Hills,  Linlithgowshire,  and  other  rocks  from 

the  Edinburgh  district,  with  micro-sections. 
George  Potter  :  Ammonites  from  the  Oxford  Clay,  St.  Ives, 

Hunts. 
A.  K.  CooMARA-SwAMY :  Six-sided  column  of  basalt  from  Lennan 

Quarry,  near  Asbach,  Siebengebirge. 
Henry   Preston  :    Photographs  taken  during  the   Edinburgh 

excursion. 
Frederick    Chapman  :     Ostracoda    from    the    C^ara-m^r\    of 

Hitchin ;  and  Coralliodendron  Limestone  from  Egypt. 


ORDINARY    MEETING. 

Friday,  3RD  December,  1897. 

E.  T.  Nevvton,  F.R.S.,  President,  in  the  Chair. 

The  following  were  elected  Members  of  the  Association  : — 
W.  C.  Daniel,  Miss  E.  J.  Cooke,  Edward  B.  Wethered,  J.P., 
F.G.S.,  F.C.S.,  S.  Hazzledine  Warren,  F.G.S.,  G.  H.  Fowler,  A. 
E.  Cooper,  G.  J.  Binns,  F.G.S.,  F.  Ross  Thomson,  Emil  Montag, 
H.  Vassall,  M.A. 

A  paper  was  read  by  the  Rev.  Dr.  A.  Irving  on  "The 
Geology  of  the  Stort  Valley,  with  special  reference  to  the  Plateau 
Gravels." 
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February  4TH,  1898. 

E.  T.  Newton,  F.R.S.,  President,  in  the  Chair. 

Messrs.  E.  Montag  and  S.  N.  Glass,  were  appointed  scrutineers 
of  the  ballot. 

The  following  report  of  the  Council  for  the  year  1897  was 
^hen  read  : — 


T 


HE  numerical  strength  of  the  Association  on  the  31st  Dec., 
1897,  was  as  follows  : — 

Honorary  members 16 

Ordinary  members — 

{a)  Life  members  (compounded)  .         .         .162 

(d)  Old  country  members  (5s.  annual  subscription)         7 
(r)  Other  members  (ids.  annual  subscription)       .     354 


Total  539 


During  the  year  thirty-eight  new  members  were  elected.  The 
Council  regrets  that  the  Association  has  lost  seven  members  by 
death :  Sir  J.  R.  G.  Maitland,  A.  M.  Dunlop,  Jos.  William 
Crossley,  Samuel  Harraden,  Arthur  G.  Ogilvie,  William  V. 
Murray,  and  John  Reid.  Sir  James  Ramsay  Gibson  Maitland, 
Bart.,  F.L.S.,  F.G.S.,  F.Z.S.,  who  died  on  November  9th  last, 
aged  forty-nine,  was  better  known  in  connection  with  fish-culture 
than  as  a  geologist.  His  celebrated  trout  farm  at  Howietown, 
near  Stirling,  visited  by  the  Association  last  summer,  is  probably 
the  largest  and  most  complete  establishment  of  its  kind  in  the 
world.  He  was  elected  a  member  of  the  Association  last 
February,  and  had  he  not  been  detained  in  Edinburgh,  would 
have  acted  as  Director  of  the  excursion  to  Stirling  on  July  28th 
last.  He  was  well  known  to  many  members  of  the  Association, 
and  was  extremely  popular.  William  V.  Murray  was  elected  a 
member  of  the  Association  in  1872.  He  was  for  many  years  a 
frequent  attendant  at  the  meetings  and  excursions,  and  his  kindly 
face  and  genial  manner  will  long  be  remembered  by  all  with 
whom  he  was  accustomed  to  come  in  contact. 

The  income  of  the  Association  for  1897  was  £2^  17s.  8d., 
besides  ^^5  os.  6d  received  on  account  of  sales  of  the  Record  of 
Excursions  and  Paris  Basin  \  and  the  expenditure  was  ^^240  4s.  id. 
Thus,  while  the  income  remains  about  the  same  as  last  year, 
there  is  a  substantial  reduction  in  the  expenditure,  notwith- 
standing the  increased  sum  which  it  has  been  found  necessary  to 
spend  on  the  library.  In  view  of  still  further  sums  being 
May,  1898.]  19 
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required  for  the  same  object,  for  binding  serials  and  printing  the 
catalogue,  your  Council  has  thought  it  advisable  to  keep  the 
whole  of  the  balance,  ^42  15s.  iid.,  in  hand,  and  this  amount 
is,  therefore,  carried  forward  to  next  year's  account. 

During  the  year  five  numbers  of  the  Proceedings,  consisting 
of  210  pages  of  text,  with  eight  plates  and  twenty  other  illus- 
trations, have  been  published.  Your  thanks  are  due  to  the 
authors  for  their  contributions,  to  Messrs.  Burrows  and  Holland 
br  presenting  part  of  the  illustrations  for  their  paper,  and  to 
tfr.  Sherborn  for  the  drawings  for  Plate  III. 

In  last  year's  Report  mention  was  made  (p.  58)  of  the  pro- 
posed removal  of  the  Library  to  St.  Martin's  Public  Library.  The 
rrangements  then  contemplated  have  been  carried  into  effect,  and 
tie  bound  books  transferred  to  that  institution  (115,  St.  Martin's 
^ane.  Charing  Cross).  Books  deposited  there  may  be  borrowed 
y  Members  of  the  Association  at  any  time  when  the  Library  is 
pen  to  the  public. 

The  bequest  by  Sir  Joseph  Prestwich  of  a  nearly  complete  set 
f  the  publications  of  the  Palaeontographical  Society  has  permitted 
be  breaking  up  of  the  annual  volumes  originally  belonging  to  the 
kssociation,  and  all  the  completed  Memoirs  have  been  bound  and 
leposited  at  St.  Martin's.  The  annual  volumes  bequeathed  by 
►ir  J.  Prestwich  are  retained  at  University  College,  where  they 
re  accessible,  for  reference  only,  on  the  evenings  of  meetings. 

The  Memoirs  of  the  Soci^t^  Pal^ontologique  Suisse  have 
Iso  been  bound  in  subjects,  and  the  Proceedings  of  various  other 
>ocieties  have  been  bound  and  rendered  accessible.  There  are 
till  a  number  of  volumes  to  be  bound.  As  soon  as  this  can 
ye  accomplished  the  printing  of  the  new  catalogue  will  be  pro- 
reeded  with. 

The  following  is  a  list  of  the  Papers  read  at  the  evening 
neetings : 

"On  the  Geology  and  Physical  History  of  the  Alps/*  by  Professor   T. 

G.  BONNEY,  F.R.S. 

**  The  Evidence  for  the  Presence  of  Man  in  the  Tertiary  Period,"  being  the 
address  of  the  President,  E.  T.  Newton,  F.R.S. 

"  The  Physical  History  of  Romney  Marsh,"  by  GEORGE  DowKER,  F.G.S. 

'*  The  Origin  of  the  High-Level  Gravel  with  Triassic  Debris  adjoining  the 
Valley  of  the  Upper  Thames,"  by  H.  J.  OsBORNE  WHITE,  F.G.S. 

'*  An  Outline  of  the  Geological  History  of  the  Rocks  around  Edinburgh,*' 
by  J.  G.  GOODCHILD,  H.M.  Geol.  Survey. 

"  The  Excursions  from  Bathgate  to  Linlithgow,  and  from  St.  Monans  to 
Elie,"  by  Prof.  James  Geikie,  LL.D.,  F.R.S. 

"  Fish   Remains  in  the  Abden   Bone-bed,"  by  R.  H.  Traquair,  M.D,, 
P.R  S. 
'  "The  Stirling  District,"  by  H.  W.  MoNCKTON,  F.L.S.,  F.G.S. 

"  The  Geology  of  the  Stort  Valley,  with  Special  Reference  to  the  Plateau 
Gravels,"  by  the  Rev.  Dr.  A.  Irving,  F.G  S. 

Lectures  were  delivered  by  Prof.  H.  A.  Miers,  M.A.,  F.R.S., 
^n  "  Some   Properties   of  Precious  Stones " ;  and  by  W.   W. 
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Watts,  M.A.,  F.G.S.,  on  "  Coral  Islands."    Your  thanks  are  due 
to  all  these  gentlemen. 

A  very  successful  Conversazione  was  held  in  November.  A 
full  list  of  the  exhibits  has  been  published  in  the  Proceedings, 
and  your  thanks  are  due  to  those  members  who  contributed  to 
the  success  of  that  evening. 

The  following  museums  and  collections  were  visited  in 
1897  :— 

March  20th. — The  Geological  Galleries,  Numbers  vii  and  viii,  of  the  British 
Museum  (Natural  History),  Cromwell  Road.  Director :  Dr.  Henrt 
Woodward,  F.R.S.,  F.G.S.,  Keeper  of  the  Departmrat  of  Geology, 
assisted  by  Messrs.  G.  C.  Crick,  F.G.S.,  G.  F.  Harris,  F.G.S.,  H.  W. 
Burrows,  A.R.I.B.A.,  and  R.  Bullen  Newton,  F.G.S. 

March  27th. — The  Ro3ral  College  of  Surgeons,  Lincoln's  Inn  Fields. 
Director  :  Prof.  Charles  Stewart,  F.rS.,  M.R.C.S. 

June  6th. — The  collections  of  S.  S.  Buckman,  Esq.,  F  G.S.,  at  Elborough, 
Charlton  King's,  near  Cheltenham.     Director  :    S.  S.  BuCKMAN,  F.G.S. 

July  loth. — The  collections  of  A.  N.  Leeds,  Esq.,  F.G.S.,  at  Eyebury,  near 
Peterborough.     Director  :  A.  N.  Leeds,  F.G.S. 

August  2nd. — The  Museum  of  Science  and  Art,  Edinburgh.  Director  :  J.  G. 
GOODCUILD,  F.G.S. 

The  following  is  the  list  of  excursions  made  during  the  past 
year.  Detailed  reports  will  be  found  in  parts  3  and  5  of  the 
Proceedings,  vol.  xv : 


DATE. 


April  3rd 
April  loth 


April     15th 
(Easter) 


to     20th 


PLACE. 

Chesham  (Bucks) 
Aylesbury  (Bucks) 


Dover,    Folkestone,   and 
Romney  Marsh  (Kent) 


May  1st 

May  8th  ^Whole  Day) 


DIRECTORS. 

Upfield  Green,  F.G.S. 

A.  Morley  Da  vies, 
F.G.S.,  and  Percy 
Emary,  F.G.S. 

G.  Dowfcer,  F.G.S.,  W. 
F.  Gwinnell,  F.G.S., 
Dr.  A.  W.  Rowe, 
F.G.S,  and  C.  D. 
Sherbom,  F.G.S. 

LI.  Treacher,  F.G.S. 


Cookham  (Berks.) 

Southboro'andTunbridge    G.  Abbott,  M.R.C.S. 

Wells  (Kent) 
Chiselhurst  (Kent)  W.    Whitaker,    F.R.S., 

and  T.    V.    Holmes, 
F.G.S. 
Erith  (Kent)  Flaxman  C.  J.  SpurreU, 

F.G.S. 
June  5th  to  8th  (Whit-    Cheltenham  (Gloucester-    E.Wethered,F.G.S.,and  J 

suntide)  shire)  S.S.  Buckman,  F.G.S. 

June  19th  (Whole  Day)     Leighton  (Bedfordshire)      A.  C.  G.  (^meron. 


May  15th 


May  a  and 


June  26th 


July  3rd 

July  loth  (Whole  Day) 


July  17th 


Red  Hill  and  Merstham    G.     J.     Hinde,    Ph.D.^ 
(Surrey)  F.R.S.,       and       W- 

Whitaker,      B.A. 
F.R.S. 
F.  Meeson. 

A.N.  Leeds,  F.G.S., am 
A.      S.      WoodwarX^ 
F.G.S. 

Bishop's  Stortford (Herts.)  Rev.    Dr.     A.     Irvinsv 

F.G.S. 


Woking  (Surrey) 
Peterborough       (North- 
amptonshire) 
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DATE.  PLACE.  DIRECTORS. 

Juhr  26th  to  3l8t  (Long    Edinburgh  Prof.     James      C^eikie/ 

Excursion)  LL.D.,D.C.L.,  F.R.S., 

J.     G.       Goodchild, 
F.G.S.,    and   H.  W. 
Monckton,  F.G.S. 
September  4tb  (Whole    Whitchurch,  Oving,  and    A.    M.    Davies,    B.Sc., 

Day)  Quainton  (Bucks.)  F.G.S. 

September  i8th  Otford  (Kent)  A.  S.  Kennard. 

The  interest  of  members  in  the  excursions  of  the  Association 
during  the  past  year  has  been  fully  maintained. 

Your  thanks  are  due  to  the  Directors  of  the  excursions,  also  to 
the  following  ladies  and  gentlemen  for  assistance  and  hospitality : 

General  Cockburn  and  Captain  McDakin,  at  Dover ;  Mr. 
Turner  of  the  Folkestone  Waterworks ;  Mr.  Elliott,  at  Cookham ; 
the  Directors  and  Manager  of  the  Southborough  Waterworks 
Company ;  Mr.  and  Mrs.  E.  A.  Webb,  at  Chiselhurst ;  the 
Mayor  of  Cheltenham ;  Captain  Willis,  Mr.  C.  Upton,  Mr.  W. 
J.  Dale,  and  Mr.  and  Mrs.  Buckman,  at  Cheltenham ;  Mr.  and 
Mrs.  Meeson,  at  Woking ;  Mr.  E.  Wheeler,  of  the  G.  N.  Ry., 
at  Peterborough  ;  Mr.  Laurie  Frere,  Mr.  Pritchett,  and  Mr. 
Glasscock,  at  Bishop's  Stortford ;  Mr.  Conacher  of  the  North 
British  Railway  at  Edinburgh ;  Sir  James  Maitland,  Bart.,  and 
Miss  Maitland  at  Sauchieburn,  Stirling;  Mr.  Thompson, 
Manager,  Howietown  Fishery  Co.,  and  the  Royal  Scottish 
(}eographical  Society. 

Your  thanks  are  also  due  to  Sir  Archibald  Geikie,  D.Sc., 
D.C.L.,  LL.D.,  F.R.S.,  Director-General  of  the  Geological 
Survey  for  the  presentation  of  Sheets  (i  Drift,  4  Solid,  6,  7,  and 
9  Drift)  of  the  Geological  Map  of  England,  and  of  Sheets  2,  4,  6, 
7,  9,  10,  II,  13,  and  15  of  the  Index  to  the  Geological  Map  of 
England  and  Wales,  and  of  Sheets  31,  32,  40,  41  of  the 
Geological  Map  of  Scotland. 

Your  thanks  are  also  due  to  Mrs.  Topley  and  to  Mrs.  A.  H. 
Green  for  the  presentation  of  Sheets  18,  23,  24,  25,  54  N.W., 
60  S.E.,  61  S.W.,  63  S.W.,  71  N.W.,  72  S.E.,  72  S.W.,  87  N.E., 
and  87  S.E.  of  the  Geological  Survey  of  England. 

The  management  and  arrangement  of  the  excursions  of  the 
Association  during  the  past  year  have  been  in  the  hands  of  the 
following  committee :  H.  W.  Monckton  (chairman),  H.  A.  Allen, 
Miss  M.  C.  Foley,  R.  S.  Herries,  T.  Leighton,  E.  P.  Ridley, 
W.  P.  D.  Stebbing,  and  A.  C.  Young.  Your  thanks  are 
due  to  the  members  of  this  committee  for  the  able  manner 
in  which  they  have  carried  out  the  work  of  organising  the 
excursions. 

The  following  committee  has  been  appointed  for  the  manage- 
ment of  the  excursions  during  the  ensuing  session  :  H.  W. 
Monckton  (chairman),  Miss  M.  C.  Foley,  F.  Meeson,  E.  P. 
Ridley,  A.   E.  Salter.  W.  P.   D.  Stebbing,  and   A.  C.  Young  ; 
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and  it  is  recommended  that  the  appointment  of  this  committee  be 
confirmed  as  soon  as  the  new  Council  meets. 

Your  thanks  are  due  to  the  Council  of  University  College 
for  the  facilities  they  continue  to  offer  the  Association  in  the  use 
of  rooms,  and  to  Mr.  Horsburgh,  the  secretary  of  the  college,  for 
his  courtesy  and  ready  assistance. 

There  are  many  changes  in  your  House  List.  Mr.  Newton 
now  retires  from  your  Presidency.  During  his  term  of  office  he 
has  displayed  an  untiring  devotion  to  the  interests  and  welfare  of 
the  Association.  The  regularity  of  his  attendance  at  both  the 
meetings  and  the  excursions,  and  also  the  tact  and  energy  with 
which  he  has  presided  over  your  affairs,  have  contributed  in  no 
small  degree  to  the  success  of  the  Association  during  the  past 
two  years.  You  are  also  indebted  to  him  for  his  valuable  and 
impartial  summary  of  the  evidences  which  have  from  time  to  time 
been  brought  forward  in  favour  of  the  existence  of  man  in  the 
Tertiary  period. 

During  the  year  Mr.  Sherbom  has  retired  from  the  office  of  "^^f 
Secretary.  Your  thanks  are  especially  due  to  him  for  the  able  :^^  j|e 
and  conscientious  manner  in  which  he  has  discharged  the  arduous  ^^^klis 
duties  of  that  office  during  the  past  eight  years. 

Mr.  Leighton  retires  from  the  Vice-Presidency  and  from  th^^^^^e 
Council.  Mr.  Watts,  Mr.  Davies,  Mr.  Rudler,  and  Prof.  MeldoU^^^Ja 
retire  from  the  Council.  Your  thanks  are  due  to  these  gentlemenM^:^aen 
for  their  assistance  in  conducting  the  business  of  the  AssociationK-:v  ^n. 

The  names  of  those  suggested  by  your  Council  to  fill  th.^rz^'he 
vacant  offices  will  be  found  on  the  ballot  paper. 

On  the  motion  of  Mr.  T.  V.  Holmes,  seconded  by  the  Re'":^^v. 
Prof.  J.  F.  Blake,  the  Report  was  adopted  as  the  Annual  RepOi^i^^ort 
of  the  Association. 

The  scrutineers  reported  that  the  following  were  duly  electa^:^-  ted 
as  Officers  and  Council  for  the  ensuing  year : 

President  : 
J.  J.  H.  Teall,  M.A.,  F.R.S.,  V.P.G.S. 

Vice-Presidents  : 

Prof.  T.  G.  Bonney,  M.A.,  D.Sc,  LL.D..   F.R.S. 

Licut.-General   C.   A.   McMahon,  E.  T.  Newton,  F.R.S.,  F.G.S.,  F z.S. 

V.P.G.S.  George  Potter,  F.R.M.S. 

Treasurer  : 

R.  S.  Herries,  M.A.,  F.G.S. 

Secretaries  : 

Percy  Emary,  F.G.S.  |  Horace  W.  Monckton,  F.L.S.,  i"' \G.S, 

Editor  : 
H.  A.  Allen,  F.G.S. 

Librarian  : 
Wheatley  J.  Atkinson,  F.G.S. 
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Twelve  other  Members  of  Council  : 

H.  W.  Burrows,  A.R.I.B.A. 

George  C.  Crick,  A.R.S.M.,  F.G.S. 

Miss  M.  Crosfield 

Henry  Fleck,  F.G.S. 

Miss  Mary  C.  Foley,  B.Sc. 

J.  D.  Hardy 


T.  V.  Holmes,  F.G.S. 

John  Hopkinson,  F.L.S.,  F.G.S. 

Dr.  Edward  Johnson 

A.  E.  Salter,  B.Sc,  F.G.S. 

C.  Davies  Sherbom,  F.Z.S.,  F.G.S. 

W.  VVhitaker,  B.A.,  F.R.S. 


On  the  motioD  of  Captain  Stiffe,  seconded  by  Professor  T. 
G.  Bonney,  the  thanks  of  the  Association  were  unanimously 
voted  to  the  officers  and  members  of  Council  retiring  from  office, 
to  the  auditors,  and  to  the  scrutineers. 

The  President  then  delivered  the  annual  address,  entitled, 
"  Palaeolithic  Man." 

On  the  motion  of  Mr.  L.  Belinfante,  seconded  by  Lieut.- 
General  McMahon,  it  was  unanimously  resolved  that  the 
President's  address  be  printed  in  full. 

This  terminated  the  Annual  Meeting. 


ORDINARY     MEETING. 
Friday,  7th  January,  1898. 

E.  T.  Newton,  F.R.S.,  President,  in  the  Chair. 

The  following  were  elected  Members  of  the  Association  : — " 
Abraham  Farrar,  junr.,  F.G.S.,  Miss  Letitia  Hales,  A.  Das. 

Dr.  E.  Johnson  and  Mr.  A.  S.  Kennard  were  elected 
Auditors. 

Mr.  L.  L.  Belinfante,  M.Sc.,  then  gave  an  interesting 
Account  of  the  excursions  in  Russia  made  in  connection  with  the 
International  Geological  Congress,  1897,  dealing  more  especially 
^vith  the  excursion  to  the  Urals,  and  illustrated  his  remarks  by 
Lantern  slides  from  photographs  taken  by  Mr.  Emary  during  that 
excursion. 


ORDINARY  MEETING. 
Friday,  4TH  February,  1898. 
J.  J.  H.  Teall,  M.A.,  F.R.S.,  President  in  the  Chair. 

H.  A.   Hinton,  A.R.C.S.,  A.R.S.M.,  F.G.S.,  was  elected  a 
Member  of  the  Association. 

There  being  no  further  business,  the  meeting  then  terminated. 
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PALEOLITHIC     MAN. 

By    E.    T.    NEWTON,    F  R.S.,    F.G.S..    F.Z  S. 
{BtiMK  tJu  PrtsidentUl  Address  delntrtd  Ftbrtutty  4ik^  iSlfS.) 

WHEN  last  year  I  had  the  honour  of  addressing  the 
Geologists'  Association  from  the  presidential  chair 
I  endeavoured  to  lay  before  you,  in  an  impartial  manner,  the 
evidence  which  had  been  brought  forward  in  favour  of  Man's 
odstence  on  this  planet  in  Tertiary  times,  and,  although  some  of 
the  evidence  was  very  cogent,  in  no  case  did  it  seem  to  me 
conclusive.  On  the  other  hand,  as  was  then  pointed  out, 
the  presence  of  Man  in  Quaternary  times  has  long  since  been 
proved ;  that  is  to  say,  his  co-existence  with  the  Mammoth  and 
other  extinct  animals  in  caves  and  river  deposits  of  Pleistocene 
age,  is  now  positively  known  by  the  presence  in  these  beds  of 
flint  implements,  which  are  universally  accepted  as  the  result  of 
human  handiwork. 

But  now  other  questions  arise — What  kind  of  man  was  it 
that  made  these  implements?  Have  any  parts  of  his  skeleton 
been  found  which  might  give  us  some  idea  of  his  physical 
characters?  And,  if  such  remains  have  been  discovered,  may 
we  infer  from  them  that  Palaeolithic  Man  resembled  his 
descendants  of  the  present  day,  or  that  he  was  of  a  lower  type 
or  less  intelligent  ? 

Human  bones  and  skeletons,  more  or  less  imperfect,  and 
supposed  to  be  of  Pleistocene  age,  have  often  been  recorded; 
but  a  close  investigation  has,  in  nearly  all  such  cases,  proved  them 
to  be  of  much  more  recent  origin,  or  has  shown  that  there  were 
very  grave  doubts  as  to  their  authenticity. 

It  would  be  tedious  and  unprofitable  to  attempt  even  a  brief 
notice  of  the  many  discoveries  which  have  been  made  known, 
but  so  much  has  been  done  already  to  eliminate  the  more  doubtful 
cases*  that  it  will  only  be  necessary  for  us  to  consider  some  of 
the  more  interesting  records,  and  especially  those  which  have  been 
made  within  the  last  few  years. 

Canstadt  Skull  (1700). — In  the  year  1700,  Duke  Ludwig 
of  Wurtemberg,  when  excavating  a  supposed  Roman  oppidum 
at  Canstadt,  found  a  great  number  of  bones  of  Cave-bear, 
Elephant,  and  Hyaena,  and  these  were  described  by  Spleiss  in 
1 70 1,  but  no  mention  was  made  of  human  remains.  It  was  not 
until  135  years  afterwards  that  Jaeger f  figured  a  portion  of  a 
human  skull,  which,  at  this  later  date,  was  thought  to  form  part  oi 
the  collection  made  in  the  year  1 700.  As  there  was  no  mention 
of  this  specimen  in  the  earlier  account,  there  must  always 
the  greatest  uncertainty  as  to  the  origin  of  the  "  Canstadt "  skull 

•  See,  among  others,  Prof.  W.  Boyd  Dawkins,  "Cave  Hunting/' and  MM.  Fraipoot 
Lobesl,  Archiv.  de  Biol.,  vol.  vH,  1887,  p.  586. 
t  *'  Foiwilen  Sauecth,"  Wurtemberg,  1835. 

May,  1 898.  J 
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This  cranium  is  said  to  resemble  that  from  the  Neanderthal  in 
having  large  supra-orbital  ridges  and  narrow  frontals,  as  well  as 
very  thick  bones. 

A  renewed  interest  has  been  awakened  in  this  skull  by  the 
discoveries  of  MM.  Fraipont  and  Lohest*  at  Spy,  where  human 
skulls,  which  are  held  to  be  of  the  same  type,  were  found  in  such 
relation  to  the  bones  of  Elephants,  etc.,  as  to  leave  little  doubt  of 
their  being  of  Palaeolithic  age. 

Gailenreuth  (1774). — The  famous  cave  of  Gailenreuth,  near 
Muggendorf,  in  Franconia,  which  has  yielded  such  a  number  of 
remains  of  Cave-bear,  Mammoth,  Hyaena,  and  other  extinct 
animals,  was  first  explored  by  Esper,  in  the  year  1774,  and  subse- 
quently by  several  other  workers,  including  Dr.  Buckland,t  who 
brought  over  specimens  to  this  country,  which  are  now  in  the 
Oxford  Museum.  Prof.  Boyd  Dawkins  J  has  found  among  these 
relics  a  human  skull  and  some  black  coarse  pottery,  which, 
although  found  apparently  in  close  relation  with  the  extinct 
mammals,  does  not  belong  to  the  same  period.  Prof.  Dawkins 
says  this  skull  is  remarkable  for  the  great  width  of  the  parietal 
protuberances  and  the  flattening  of  the  upper  and  posterior  region 
of  the  parietal  bones ;  it  has  a  cephalic  index  of  '81,  and  is  there- 
fore of  the  broad  type  (brachycephalic) 

The  form  of  this  skull,  as  well  as  the  coarse  pottery  found  in 
the  same  deposit,  indicate  a  date  not  earlier  than  Neolithic,  and 
possibly  much  later. 

Lahr  (1823). — In    the    year    1823    M.    Ami    Boue§    found 
Scattered  human  bones  at  a  depth  of  5  ft.  in  a  river  deposit  near 
the  village  of  Lahr  at  a  height  of  160  metres  above  the  River 
Schutter,  which  falls  into  the  Rhine,  at  Strasbourg. 

These  bones,  it  seems,  were  sent  to  Cuvier  for  description, 
Viut  appear  to  have  been  lost,  as  no  account  of  them  was  ever 
X^ublished,  and  they  have  not  since  been  seen. 

Painland  Cave  (1823).— The    Goat's    Hole,  at  Paviland,  in 

C^lamorganshire,   was  explored   by    Buckland||   in    1823.       It  is 

situated  in  a  cliff  on  the  coast,  and  is  nearly  40  ft.  above  the 

^hore.     The  red  loam  of  the  floor  contained  bones  of  Elephant, 

^^.hinoceros,  Hyaena,  and  Bear ;  and  with  these  was  found  a  large 

Viuman  skeleton,  together  with  pieces  of  charcoal,  a  small  chipped 

flint,  sea-shells,  and  ivory  ornaments.     The  soil,   Dr.   Buckland 

^ays,  "  appears  to  have  been  disturbed  by  ancient  digging  " ;  and 

H^rof.  DawkinsU  is  doubtless  correct  in  relegating   this  discovery 

\jo  the  category  of  Neolithic  interments. 

Engis  Skuli  {i2t^^), — The  celebrated  human   skull  from  the 

•  Archw  He  Biol.,    %i7. 

t  **  Reliquic  Diluvianac."  p.  133. 

I  '*  Cave  Hunting,"  p.  240. 

§  Ann,  Set.  .Vat ,  i82«).  Bibl.,  vol.  xviii,  and   Hu//.  Sac.  CM.   France,    vol.  i,    p.   105, 

II  ••  Reliq    Diluv.,"  p  82. 
^  '*  Cave  Hunting,"  p.  232. 
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Engis  cave  near  Liege  was  discovered  by  Dr.  Schmerling  *  in  the 
year  1833,  ^^  ^  mass  of  breccia,  with  bones  of  extinct  mammals. 
Mr.  £.  Dupontt  has  more  recently  found  other  human  bones, 
worked  flints,  and  a  fragment  of  coarse  earthenware  in  the  tame 
place.  The  skull  is  said  to  be  dolichocephalic  with  an  index  of 
70,  but  presents  no  marked  peculiarities  or  signs  of  degradation, 
and  judging  from  the  outline  given  by  Busk,^  it  quite  justifies 
Huxley's  §  remark  that,  '*  It  is  in  fact  a  fair  average  human  skull, 
which  might  have  belonged  to  a  philosopher,  or  might  have 
contained  the  thoughtless  brains  of  a  savage." 

The  form  of  this  skull  and  the  pottery  found  in  the  same 
stratum,  point  to  its  being  of  later  date  than  the  mammalian  bones 
with  which  it  was  associated ;  and  although  its  exact  age  is 
uncertain,  there  seems  no  likelihood  of  its  being  earlier  than 
Neolithic. 

StcBgeniBs  (1843). — I"  the  year  1844  Sven  Nilsson||  published 
an  account  of  two  human  skeletons  which  had  been  found  the 
previous  year  at  Staegenaes,  in  the  district  of  Bro,  Sweden.  These 
skeletons  were  discovered  at  a  depth  of  three  feet  from  the  surface 
in  a  bed  of  shells,  situated  100  feet  above  the  river.  The  shells 
are  said  to  be  in  horizontal  layers  and  quite  undisturbed.  The 
skull,  as  figured,  does  not  present  any  remarkable  characteristics, 
and  although  thought  by  MM.  Quatrefages  and  Hamyll  to  be  of 
the  Neanderthal  race,  is  considered  by  M.  G.  de  Mortillet**  to 
be  of  much  more  recent  date  than  the  Mammoth. 

Denise  (1844). — Sir  Charles  Lyelltt  has  given  a  long  account 
of  the  discovery  of  certain  human  remains  in  a  volcanic  tuff  at 
Denise,  near  Puy  en  Velay,  France,  which  had  been  described  by 
M.  Aymard  in  1844,  J  J  ^^^  were  afterwards  noticed  by  Dr. 
Sauvage,§§  and  M.  Fraipont  ||||  These  remains  include  portions  of 
two  skulls,  which  are  said  to  have  large  supraciliary  ridges  and 
receding  foreheads,  but  the  published  figure  of  one  of  them  does 
not  show  these  characters  in  any  marked  degree. 

At  first  these  skeletons  were  supposed  to  be  associated  with 
EUphas  meridionalis,  Nesti ;  subsequent  investigation  showed 
that  such  was  not  the  case,  but  that  the  human  bones  were 
probably  included  in  and  coeval  with,  the  latest  eruption  of  the 
Le  Puy  volcanoes ;  and  as  the  lava  streams  extended  almost  to 
the  bottoms  of  the  valleys,  were  certainly  of  later  date  than  the 

•  "  Recher.  Oss,  Foss.  Caverncs,"  Liege,  4to,  1833-31^. 

t  "  L'homme  pendant  les  Ages  de  la  Pierre,"  etc.,  edit.  I,  p.  ix,  1871. 

X  Nat.  Hist.  Rex'.,  t86i,  vol.  i,  pi.  v. 

§  '*  Man's  Place  in  Nature,"  1863,  p.  156 ;    and  Lyell's  "  Antiquity  of  Man,"  p.  63. 

i  Congres  Nat.   Scand.   Stockholm,    1844.      See  also   "  Primitive  Inhabttantsof  Scan* 
dinavia,"  translation  by  Sir  J.  Lubbock,  1868. 
«-  "Crania  Ethnica." 

••  '*  Le  Prihistorique  Antiquity  de  l'homme,"  1883,  p.  353 
ft  ••  Antiquity  of  Man,"  1863,  p.  194. 
XX  Bull,  Soc.  Giol.  France y  ser.  2,  vol.  ii,  1844*5. 
§§  Revue  ifAnthrofi.^  vol.  i,  p.  289,  1872. 
lill  Archiv.  de  Biol.^  vol.  vii,  p.  590,  1887. 
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valleys  themselves.  The  alluvium  of  these  valleys  is  said  to  contain 
bones  of  Mammoth  and  Woolly  Rhinoceros,  and  it  has  been 
supposed  that  the  human  remains  were  of  the  same  age  as  these 
mammals,  but  there  appears  to  be  no  certainty  that  such  is 
the  case;  the  lava  flow  may  have  taken  place  since  the  de- 
position of  the  alluvium,  and  the  age  of  the  remains  is,  therefore, 
uncertain. 

Aurignac  Cave  (1852). — This  cave,  which  is  near  the  Pyrenees, 
in  the  department  of  the  Haute  Garonne,  was  described  by 
M.  Lartet*  in  1862.  It  is  situated  in  the  face  of  a  steep  escarp- 
ment, forty-five  feet  above  the  brook  called  Rodes.  It  is  said 
that  in  the  year  1852  a  labouring  man  thrusting  his  hand  into 
a  rabbit-hole,  drew  out  a  human  bone;  this  excited  his 
curiosity,  and,  by  subsequent  digging,  he  disclosed  a  slab  of  rock 
covering  the  entrance  to  a  large  cavity,  in  which  remains  of  not 
less  than  seventeen  human  skeletons  were  found.  These  remains 
were  piously  buried  in  the  cemetery. 

It  was  not  until  the  year  i860  that  M.  Lartet  accidentally 
heard  of  the  existence  of  bones  of  Cave-bear,  Rhinoceros,  and 
other  extinct  forms  which  had  been  found  at  the  same  time  as  the 
human  remains ;  but  the  resting-place  of  the  latter,  in  the 
cemetery,  could  not  be  traced. 

M.  Lartet  at  once  investigated  the  circumstances  of  this 
discovery,  and  came  to  the  conclusion  that  the  human  skeletons 
were  of  the  same  age  as  the  extinct  mammals.  This  view  was 
also  held  by  Sir  Chas.  Lyell  ;t  but  later  researches  have  shown 
that  the  fossil  bones  of  the  extinct  mammals  occurred  in  a 
stratum  of  earth  below  the  deposit  where  the  human  remains 
were  found,  and,  besides  this,  a  fragment  of  pottery  found  with 
the  latterj  make  it  almost  certain  that  the  Aurignac  Cave  was  a 
Neolithic  place  of  burial. 

The  only  human  bones  now  known  from  this  cave  are  the 
pieces  of  human  jaws  figured  by  Quatrefages  and  Hamy,§  and 
these  fragments  give  no  characters  of  importance. 

Bruni^ue/ (iS6^), — The  Cave  of  Bruniquel,  Tarn  et  Garonne, 
was  explored  by  the  Vicomte  de  Lastic  in  1863-4  and  described 
by  Prof.  Owen  ;  ||  it  is  situated  in  a  cliff  about  40  feet  above  the 
river  Aveyron.  The  floor  of  the  cave  was  covered  by  a  sheet  of 
stalagmite,  below  which  was  a  bed  4  or  5  feet  thick  with  much 
charcoal  and  largely  cemented  into  a  breccia.  In  this  bed  were 
many  bones  of  animals  such  as  Rhinoceros,  Reindeer,  etc.,  as  well 
as  Palaeolithic  implements  of  flint  and  bone ;  on  some  of  the 
latter  were  outlines  of  animals. 

With  these  mammalian  remains,  human   bones  were   found, 

•  Ann,  Set.  Nat.  Zooi,^  ser.  4,  vol.  xv,  p.  177. 
f  "Antiquity  of  Man,"  1863,  p.  181. 
i  Sec  "  Cave  Hunting,"  p.  242. 

I  "  Crania  Etbnica,"  pi.  a,  figs,  ix,  x,  xi. 

II  Phil.  Trams.,  vol.  chx,  p.  517. 
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evidently  belonging  to  several  individuals  ;  but  the  only  calvaria 
which  could  be  measured  was  of  the  long  type  (dolichocephalic). 
One  at  least  of  the  skeletons  had  been  buried  in  a  crouching 
position.  Prof.  Owen  thought  these  human  skeletons  were  of  the 
same  age  as  the  mammals,  that  is  Palaeolithic ;  but  Prof.  Boyd 
Dawkins  •  is  much  more  likely  to  be  correct  in  referring  them  to 
the  Neolithic  period. 

NeattdertJial  Skull  (1857). — This,  the  most  famous  of  fossil 
skulls,  was  found,  with  other  parts  of  the  skeleton,  in  the  year 
1857,  in  a  limestone  cave  in  the  Neanderthal,  near  Hochdal, 
between  Diisseldorf  and  Elberfeld.  A  description  of  the  skull 
was  given  by  Prof.  D.  Schaaffhausen,t  and  translated  with 
further  remaiks  by  Prof.  G.  Busk. 

The  cave  is  about  60  feet  above  the  bottom  of  the  valley ; 
it  is  about  15  feet  deep,  7  or  8  feet  wide,  and  high  enough  to 
admit  a  man.  The  floor,  which  is  uneven,  was  covered  with  4 
or  5  feet  of  mud  in  which  the  skeleton  was  said  to  have  been 
found,  lying  with  the  head  towards  the  entrance.  Only  a  few 
of  the  bones  were  preserved,  as  its  human  origin  was  not 
at  first  suspected. 

The  appearance  of  the  skull  is  well  known,  and  has  been 
often  described,  its  chief  characteristics  being  the  large  size  of  the 
supra-orbital  ridges,  the  receding  forehead,  the  low  crown,  and 
the  long-oval  form,  the  cephalic  index  being  72  or  73. 

The  age  of  this  skull  has  always  been  very  uncertain,  nothing 
being  found  with  it  which  might  give  a  clue.  A  few  years  later  a 
similar  cave  near  by,  at  Feldhofen,  yielded  remains  of  Elephant 
and  other  extinct  forms  ;  but  this  has  not  removed  the  doubt  as 
to  the  age  of  the  mud  in  the  original  cave,  neither  has  it  disproved 
the  possibility  of  the  human  bones  being  the  result  of  a  more 
modern  interment.  In  the  light  of  the  discoveries  at  Spy,  in 
Belgium,  to  be  presently  alluded  to,  the  Neanderthal  skull  has 
again  become  of  great  interest. 

Grotto  d'Arcy-sur-CureyYonne  (1S60). — A  portion  of  a  human 
jaw  was  found  in  this  cave  by  M.  de  VibrayeJ  together  with  remains 
of  Cave-bear,  Woolly  Rhinoceros,  Mammothj  and  other  mammals. 
Judging  from  the  account  of  the  discovery  of  the  specimen  there 
seems  no  reason  for  doubting  its  Palaeolithic  age.  The  jaw  itselF 
presents  no  peculiarities  which  could  be  taken  as  positive  evidence 
for  its  antiquity  ;  but  still  the  illustrations  of  it  seem  to  show  a 
somewhat  receding  chin,  and  this  is  held  to  be  a  low  type.  M. 
Fraipont§  accepts  the  jaw  as  a  relic  of  Palaeolithic  Man. 

Moulin  Quignon  Jaw  (1863). — This  celebrated  human  jaw 
was  said  to  have  been  found  by  a  workman  when  digging  2X 
Moulin  Quignon,  near  .Abbeville,  and  was  shown  to  M.  Boucher 

•  **  Cave  Hunting,"  p.  248. 

t  M tiller's  A^chh'.,  1858,  p.  453.  See  Translation  by  Busk.  Nat  His.  Rtv.^  1861,  p.  155- 

X  Hull.  Soc.  Geol.  France,  ser.  2,  vol.  xvii,  p.  471,  i860. 

§  Arch  17'.  tie  Biol.,  vol.  vii,  p.  597. 
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le  Perthes  in  1863  ;•  it  was  supposed  to  have  come  from  a  depth 
f  4I  metres  in  Palaeolithic  gravel,  at  a  spot  about  30  metres 
rom  the  river  Somme.  At  the  time,  this  jaw  gave  rise  to  a  very 
rarm  controversy ;  some  thinking  it  truly  Palaeolithic,  while 
•thers  refused  to  accept  it  as  such.  Sir  C.  Lydl,  who  at  firstf 
relieved  in  the  genuineness  of  this  discovery,  afterwards  said,| 
'  we  must,  I  think,  give  up  all  claims  to  authenticity  for  the 
elebrated  jaw  from  Moulin  Quignon." 

M.  de  Mortillet§  shows  good  reason  for  thinking  that  it,  like 
nany  of  the  forged  flint  implements  said  to  be  from  the  same 
)lace,  was  not  obtained  as  slated,  but  was  brought  there  by  the 
workman  in  order  to  obtain  money.  And  M.  Fraipont|{  throws  it 
)a  one  side  as  doubtful. 

Larzac  (1864). — A  human  cranium  and  some  other  remains 
^ere  discovered  by  M.  de  Sambycy  in  a  cave  at  Larzac  in 
Iveyron ;  the  skull  was  described  by  Pruner  Beyll  as  possessing 
trongly  developed  glabella  and  brow-ridges,  in  which  particulars 
:  resembled  the  Neanderthal  cranium.  Although  the  age  of  the 
^mains  is  very  doubtful,  MM.  Quatrefages  and  Hamy** 
^ard  this  cranium  as  belonging  to  the  Neanderthal  race. 

Eguisheim  (1865). — M.  Faudeltt  found  in  a  river  deposit  at 
«guisheim  near  Colmar  (Lower  Rhine)  the  fragments  of  a  human 
ranium  with  an  Elephant's  tooth  and  other  remains.  The  cranium 
;  extremely  dolichocephalic,  and  much  resembles  that  from 
'anstadt ;  the  brows  are  large,  but  less  so  than  in  the  Neanderthal 
alvaria.  Prof.  Dawkins^^  and  many  other  Anthropologists, 
ccept  this  cranium  as  a  representative  of  the  Palaeolithic  or 
[eanderthal  race. 

Naulettt  jaw  (1865). — This  human  jaw,  which  has  caused  so 
luch  discussion  of  late  years,  was  found  by  M.  E.  Dupont§§  in 
be  Trou  de  la  Naulette  at  Furfooz,  near  Dinant,  and  was 
ccompanied  by  bones  of  Mammoth,  Rhinoceros,  Reindeer,  etc. 
The  entrance  to  the  Naulette  cave  is  narrow,  and  situate  about 
►8  feet  above  the  River  Lesse,  but  the  interior  forms  a  large 
:hamber,  the  floor  of  which  is  covered  to  a  depth  of  1 1  metres 
)y  clay  soil,  which  is  separated  into  layers  by  seven  deposits  of 
stalagmite.  It  was  under  ^s^  of  these  stalagmitic  floors  that  the 
luman  jaw  was  found,  together  with  a  few  other  bones  of  the 
skeleton. 

The  Naulette  jaw  is  small,  and  consequently  has  been  thought 
to  have  belonged  to  a  female  ;  it  is,  however,  remarkably  robust, 

*  See  "Antiquity  Celtiques,"  vol.  iii. 

f  '*  Antiquity  of  Man,"  edit.  3,  p.  515 

\  Ibid ,  edit.  4,  p.  190. 

I  "  Le  Pr6historique  Antiquity  de  THomme,"  p.  242. 

fi  Archiv.  de  Biol.y  vol.  vii,  p.  595. 

it  Bull.  Anthrop.  PariSy  vol.  vi,  p.  29,  i86q. 
••  ♦•  Crania  Ethnica." 

ft  Bull.  Soc.  Hist.  Nat.  de  Colmar^  1867. 
n  "Early  Man  in  Britain,"  p.  167. 
%\  Bull.  Acad.  Roy.  Beige ^  ser.  2,  vol.  xxii,  1866. 
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and  the  horizontal  ramus  is  deep  when  seen  in  profile,  the  chin 
recedes  instead  of  projecting  as  it  does  in  normal  jaws  of  the 
present  day  ;  in  both  these  particulars  it  holds  a  position 
intermediate  between  the  jaws  of  modern  Man  and  those  of  Apes. 
The  molar  teeth  are  absent,  but  their  sockets  seem  to  show  that 
the  hindermost  or  wisdom  tooth  was  larger  than  those  in  front  of 
it,  and  this  again  is  a  characteristic  of  ancient  human  dentition 
and  seldom  occurs  in  modern  Man.  Certain  muscle  marks  on 
the  inner  side  of  the  chin  are  said  to  be  unlike  what  are  found  in 
modern  human  jaws,  and  to  resemble  more  the  peculiarities 
seen  in  Apes. 

The  conditions  under  which  this  jaw  was  found  seem  to  exclude 
all  grounds  for  doubting  its  Palaeolithic  age,  and  its  form  agrees 
with  others  which  are  now  acknowledged  to  be  of  like  antiquity. 

Cro-Magnon  (1868). — The  Cro-Magnon  cave  is  near  Les 
Eyzies,  on  the  banks  of  the  Vez^re,  in  Perigord  ;  it  was  disclosed 
in  1 868,  when  the  railway  embankment  was  being  made,  and  was 
described  by  MM.  Lartet  and  Christy ;  *  it  is  situated  at  the 
base  of  a  low  cliff,  and  is  formed  by  a  projecting  ledge  of 
Cretaceous  limestone.  The  floor  of  this  cave  is  covered,  to  a 
great  thickness,  with  debris  fallen  from  the  roof,  and  then  by 
several  irregular  layers  containing  charcoal,  bones  and  worked 
flints.  Towards  the  upper  part  of  these  deposits  is  one  especially 
thick  bed  with  ashes,  which  contained  great  numbers  of  worked 
flints  and  bones,  above  this  is  a  yellowish  clay,  also  with  bones 
and  flints,  in  the  upper  part  of  which  several  human  skeletons 
were  found.  The  mouth  of  the  cave  and  the  overlying  shelf  of 
rock  were  covered  by  4  metres  of  debris  fallen  from  the  cliffs^ 
above,  this  large  accumulation  of  material  bearing  testimony  t(^ 
the  great  antiquity  of  the  occupants  of  the  cave. 

On  the  surface  of  the  yellow  clay,  in  a  small  unfilled  cavit]^^ 
at  the  back  of  the  cave,  the  skull  of  an   old  man   was  found  ^ 
around    this,  but    covered  by  the  clay,  were  parts  of  four  in 
dividuals,     one  being  a  woman  whose  skull  has  a  deep  woun< 
in  front,  partly  healed,  showing  that  she  must  have  lived  som 
weeks  after  receiving  the  wound. 

These  skeletons  were  thought  by  Lartet  to  be  of  Palaeolithi 
age.    That  the  cave  was  occupied  for  a  long  period  by  generatio 
of  Palaeolithic  hunters  is  freely  admitted,  but  it  is  by  no  means 
clear  that  the  skeletons  belonged  to  the  same  age  ;    indeed,  it 
highly  probable,  as  pointed  out  by  Prof.  Boyd  Dawkins,t  th 
these  skeletons  are  the  result  of  a  Neolithic  interment. 

The  old  man  of  Cro-Magnon  had  a  straight  face,  a  good  fo 
head,   was  about   5   ft.    11    in.   in   height,   and    had    flattened 
(platycnemic)  tibiae,  thus  presenting  the  physical  characters  of  « 
Neolithic  skeleton. 

*  "  Reliquiae  Aquitanicae." 
t  "Cave  Hunting,"  p.  225. 
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Ciichy,  Paris  (1868). — M.  E.  Bertrand*  discovered  the 
reater  part  of  a  human  skeleton,  with  Elephant  and  other 
emains,  in  a  gravel-pit  at  Clichy,  Paris.  M.  de  Mortilletf 
uestions  the  Quaternary  age  of  the  human  remains ;  their  dark 
ed  colour  not  corresponding  with  the  gravel  in  which  they  were 
upposed  to  have  been  found,  but  with  the  overlying  stratum,  which 
>  of  much  more  recent  date.  MM.  Quatrefages  and  HamyJ 
x)k  upon  the  skeleton  as  that  of  a  female  of  the  Neanderthal 
ace. 

Brux^  Bohemia  (1872). — A  human  skull  and  other  bones 
^ere  described  by  M.  E.  T.  Hamy§  in  1872  from  Quaternary 
iver  deposits  at  Brux,  in  which  they  were  found  at  a  depth 
f  3  feet  (5  feet  from  surface  of  ground).  The  brow  ridges  are 
ery  pronounced,  and  the  forehead  is  low ;  the  skull  has,  judging 
rom  the  figures,  a  striking  resemblance  to  the  Neanderthal 
alvaria;  and  MM.  Quatrefages  and  Hamy,||  as  well  as  M.  G. 
le  MortilletjU  refer  these  remains  to  the  Neanderthal  race. 
)ther  authorities,  however,  think  they  may  be  of  much  more 
ecent  origin. 

Trou  du  Frontal  (187 1). — Sixteen  human  skeletons  were 
3und  in  this  rock  shelter  on  the  river  Lesse  by  M.  Dupont,**  and 
rere  thought  by  him  to  be  of  Palaeolithic  age.  The  skeletons 
rere  found  at  the  back  part  of  the  rock  cavity,  and  were  closed 
1  by  a  slab  of  stone,  which  was  covered  by  the  dtbris  of  rock 
'hich  had  accumulated  outside.  Beneath  this  dtbris  and  outside 
le  shelter,  broken  bones  of  animals  were  found,  including 
framing,  Beaver,  Goat,  etc, ;  but  apparently  no  extinct  forms. 
V^ith  the  skeletons  were  found  flint-flakes,  various  ornaments, 
nd  a  curious  round-bottomed  urn.  The  two  skulls  which  could 
»e  measured  proved  to  be  brachycephalic ;  but  fragments  of 
nother  are  said  to  indicate  a  long  skull.  Prof.  Boyd  Dawkinsff 
hinks  these  skulls  belong  to  the  same  races  as  the  round  and 
3ng  skulls  which  have  been  found  in  other  Neolithic  caves  and 
ombs  in  France. 

Mentone  Cave  (1872). — M.  RivieretJ  when  exploring  the  cave 
.t  Cavillon,  near  Mentone  (sometimes  called  Baouss^-Rouss^s) 
iiscovered  several  human  skeletons  in  association  with  bones  of 
Viammoth,  Rhinoceros,  Lion,  Hysena,  etc.,  at  a  depth  of  six  and  a 
lalf  metres.  The  human  remains  had  the  bones  so  nearly  in 
heir  natural  relations  that  one  of  the  skeletons,  lying  upon  its 
iide    in  a  mass  of  cave-earth,  was  taken  to   Paris,  and  is  now 

*  B%U,  SocAnthrop.  Par  is  ^  ser.  a,  vol.  iii.  1883. 
t  *'  Le  Prehistorique,"  p.  346. 

i"  Crania  Ethnica." 
Revue  ttAnthrop.,  voL  i,  p.  669,  1873. 
•♦  Crania  Ethnica," 
^  "  Le  Prehislorique,"  p.  218. 

••  "  L'Homme  pendant  ics  ages  de  la  Pierre,"  p.  56. 
ft  "Cave  Hunting,"  p.  238. 
Xt  ffttem.  Con.  Prtnist.  Arch.  Brussels. 
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preserved  in  the  Jardin  des  Plantes.     A  photograph  of  it  was 
reproduced  by  M.  Riviere  in  his  paper. 

The  skeletons  were  thought  to  be  of  the  same  age  as  the 
Mammoth  with  which  they  were  associated,  but  Prof.  Boyd 
Dawkins^  has  shown  reasons  for  believing  them  to  be  much  more 
recent ;  and  M.  de  Mortilletf  is  of  opinion  that,  although  the 
Mentone  cave-earth  is  of  the  age  of  the  Mammoth,  yet  the  human 
skeletons,  which  had  been  very  carefully  buried,  were  of  a 
later  date,  for  the  presence  with  them  of  implements  of  bone,  of 
a  pierced-shell  head  ornament,  and  of  a  polished  stone  implement 
pointed  to  theit  being  of  Robenhausian  age  (Neolithic).  M. 
Riviere  says  the  skull  is  long,  the  femora  carinate,  and  the  tibiae 
platycnemic. 

In  1892  M.  Riviere!  published  a  note  on  three  new  skeletons 
from  the  Mentone  Caves,  which  were  said  to  be  of  great  size,  and 
to  resemble  in  the  greater  part  of  their  characters  the  Cro- 
Magnon  race.  The  heights  of  the  skeletons  are  given  as  1*85 
metres  (=  6  ft.  of  in.),  1*9  metres  (=  6  ft.  2 J  in.),  and  2  metres 
{=  6  ft.  6f  in.). 

These  later  discoveries  are  accepted  by  some  writers  as  of 
Palaeolithic  date,  but  it  is  more  generally  thought  that,  like  the 
Cro-Magnon  man  which  they  so  much  resemble,  they  are  of 
Neolithic  age. 

Lombrive  Cave, — MM.  Garrigou,  Filhol,  and  Rames§  dis- 
covered in  this  cave,  which  is  in  the  department  of  Aribge,  two 
human  skulls,  together  with  bones  of  animals,  only  one  of  which, 
the  Reindeer,  seemed  to  point  to  any  great  antiquity  ;  and  this, 
as  Prof  Dawkins  says,  may  have  lingered  in  the  neighbourhood 
of  the  Pyrennees,  as  it  did  in  Scotland,  to  a  comparatively  modem 
date.  The  skulls,  are  broad,  and  may  very  well  be  of 
Neolithic  age,  while  the  presence  with  them  of  Bos  longrifrons 
shows  that  they  cannot  be  of  earlier  date. 

Colombi  Cave  (1873). — Prof.  Capellini||  has  described  this 
cave,  which  is  situated  in  a  cliff  overlooking  the  sea  in  the 
Island  of  Palmaria,  Gulf  of  Spezzia.  In  the  red  earth  covering 
the  floor  of  the  cave  were  found  flakes  and  scrapers  with  pottery 
and  a  bone  needle,  besides  bones  of  Ox,  Goat,  Pig,  etc.,  and 
with  them  bones  of  children  and  young  people  which  had  been 
cut  and,  in  one  case,  burnt.  These  were  supposed  to  be 
evidence  of  Palaeolithic  cannibalism.  Prof.  DawkinsU  accepts 
this  as  proof  of  cannibalism,  but  thinks  the  implements  and 
bones  found  with  them  indicate  a  Neolithic  or  possibly  later  date. 

Schipka  in  Moravia  (1881). — Another  human  jaw  was  found 
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by  M.  Maschke  in  a  cave  at  this  locality  in  association  with 
Mammoth  and  other  extinct  forms  and  is  accepted  by  M. 
Fraipont*  as  of  the  Neanderthal  race. 

Tilbury  Man  (1883). — Parts  of  a  human  skeleton  were  found 
in  the  gravel  at  Tilbury  Docks  at  a  depth  of  34  feet,  and  were 
submitted  to  Sir  Richard  C)wen,t  who  described  them  as  the 
remains  of  a  Palseolithic  Man  ;  his  reason  for  assigning  so  great 
an  antiquity  to  them  being,  apparently,  the  form  of  the  skull  and 
the  great  depth  at  which  the  remains  were  found.  The  large 
supra-orbital  ridges  of  the  cranium  and  its  aspect  when  viewed 
from  above  are  not  unlike  characters  seen  in  the  Neanderthal 
calvaria,  but  these  cannot  be  taken  as  a  proof  of  the  antiquity  of 
the  Tilbury  skeleton,  which,  moreover,  has  a  fairly  well-developed 
forehead.  The  depth  (34  feet)  at  which  these  remains  occurred 
shows  clearly  that  a  long  period  must  have  elapsed  since  they  were 
covered  up  in  the  gravel,  but  this  does  not  amount  to  a  proof  of 
their  Paleolithic  age. 

Mr.  T.  V.  Holmes^  visited  the  locality  in  order,  if  possible, 
to  determine  the  age  of  the  gravels  and  after  careful  examination 
came  to  the  conclusion  that,  although  ancient,  they  were  possibly 
not  much  older  than  the  Roman  embankment,  and  he  says : 
"The  skeleton,  therefore,  is  clearly  prehistoric,  but  the  gross 
exaggeration  of  age  implied  by  the  term  '  Palseolithic '  is  equally 
obvious."    It  is  just  possible  that  the  remains  may  be  Neolithic. 

Spy  Skeletons  (1886). — One  of  the  most  interesting  discoveries 
relating  to  Palaeolithic  Man  is  that  made  by  MM.  Fraipont  and 
Lohest  about  ten  or  twelve  years  ago  at  Spy,  in  Belgium,  an 
account  of  which  they  published  in  1887,  under  the  title  "La 
Race  Humaine  de  Neanderthal  ...  en  Belgique."§ 

Spy  is  in  the  province  of  Namur  and  the  cave  is  on  the  side 
of  a  wooded  hill  overlooking  the  little  river  Orneau.  This  cave 
had  been,  in  part,  previously  explored  and  the  results  published, 
but  outside  the  entrance  there  is  an  extensive  terrace,  which  was 
systematically  examined  in  August,  1886,  with  the  result  that, 
at  the  lowest  part,  human  bones  were  found  accompanying  the 
i^mains  of  extinct  animals. 

The  human  remains  represent  two  individuals,  and  include 
parts  of  the  skulls,  jaws  with  teeth,  and  several  bones  of  the 
limbs.  One  of  the  skulls  has  its  peculiarities  more  strongly 
marked  than  the  other,  and  it  is  to  d[iis  one  that  the  following 
remarks  more  especially  refer.  The  great  peculiarity  of  the 
cranium  is  its  near  approach  in  form  to  that  from  the  Neanderthal. 
The  brow  ridges  are  very  strongly  developed,  although  they  are 
not  so  large  as  in  the  last-named  specimen,  and  the  receding 

•  Archiv.  de  Biol.,  vol.  vii,  p.  579. 

t  Proc.  Roy.  Soc.,  vol.  xxxvi,  1883,  p.  136 ;  also  "  Antiquity  of  Man,"  etc.,  8vo,  1885, 
Londoo. 

1  Prpc.  Geoi.  Assoc.,  vol.  viii,  p.  392,  and  "  Record  of  Excursions,"  p.  i8a. 
I  Arckw,  de  Biol.,  1887. 
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forehead  is  much  the  same.  When  seen  from  above  there  is  a 
similar  narrowness  of  the  frontals  behind  the  oirbits  and  a  like 
inflation  of  the  parietal  region.  The  cephalic  index  is  70, 
while  that  of  the  Neanderthal  calvaria  is  73. 

The  lower  jaw  is  remarkable  for  the  depth  of  its  horizontal 
ramus,  and  especially  for  its  receding  chin,  in  both  these  par 
ticulars  differing  from  the  usual  form  in  modern  human  skeletons. 
The  chief  peculiarity  of  the  teeth  is  to  be  found  in  the  propor- 
tionate sizes  of  the  three  molars,  the  hindermost  being  slightly 
larger  than  the  two  which  are  in  front  of  it,  a  characteristic 
which,  as  already  mentioned,  is  not  usually  to  be  found  in  modem 
men,  although  occasionally  present  in  some  savages,  but  seems 
to  have  been  much  more  general  among  the  earlier  races  of  man 
kind.  The  limb  bones  are  robust,  and  the  articular  extremities 
large.  The  femur  is  arched  forwards,  and  rounded  in  section,  while 
all  the  points  for  the  attachment  of  muscles  are  strongly  marked. 
The  tibia  is  short  and  rounded,  not  flattened  or  platycnemic 

The  Spy  skeletons  are  believed  by  MM.  Fraipont  and 
Lohest  to  have  been  contemporaneous  with  the  Mammoth,  and 
this  opinion  seems  to  be  very  generally  accepted. 

The  various  beds  of  dkbris  and  clay  are  thus  given  by  the 
discoverers : — 

Metres. 

A.  Debris^  fallen  from  above,  and  brown  Clay        9"5 

B.  Yellow  argillaceous  Tufa '3 

C.  Red  layer.      Many  worked  flints,  fragments  of  Lime- 

stone, Charcoal,  and  Mammoth  tusk  ...         ...  '6 

D.  Yellow  calcareous  Clay  passing  into  Tufa.  Immediately 

below  this  were  the  human  bones 'o\ 

F.     Brown   Clay,  sometimes  black,  with  many  bones   and 

workea  flints    ... 
K.     Carboniferous  Limestone 

The  explorers  appear  to  have  exercised  great  care  to  prevent 
any  errors,  and  they  are  persuaded  that  the  two  skeletons,  which 
were  found  outside  the  cave  at  a  distance  of  2  metres  apart  and 
distant  about  6  and  8  metres  respectively  from  the  entrance  to 
the  cave,  were  deposited  at  the  same  time  as  the  stratum  in 
which  they  were  found,  and  were  not  the  result  of  subsequent 
sepulture.  But  it  is  certainly  remarkable  that  two  apparently  entire 
skeletons  should  have  been  found,  one  of  them  lying  upon  its  side 
in  a  position  so  frequently  adopted  in  burials,  and  it  is  difficult 
to  account  for  these  skeletons  being  covered  up  in  this  position 
and  preserved  entire  while  the  remains  of  the  extinct  mammals 
found  with  them  seem  to  have  been  more  or  less  scattered. 

MM.  Fraipont  and  Lohest  are  of  opinion  that  these  two 
skeletons  are  representatives  of  the  Palaeolithic  race  of  men 
living  at  the  same  time  as  the  Mammoth,  and  that  the  human 
remains  from  Canstadt,  Neanderthal,  Naulette,  and  some  other 
places,   although   of    uncertain   age,   are,   on  account   of   their 
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similarity,  to  be  included  with  the  Spy  skeleton  in  what  they 
name  the  Canstadt  or  Neanderthal  race. 

British  PaliRolithic  Human  Bones, — Nearly  all  the  human 
bones  which  have  been  found  in  British  caves  and  other 
Pleistocene  deposits  have  proved  to  be  of  Neolithic  or  some 
later  date.  In  most  instances  evidence  has  been  obtained  which 
has  shown  the  remains  to  be  due  to  an  interment,  subsequent  to 
the  deposition  of  the  stratum  in  which  they  were  discovered. 

Prof.  W.  Boyd  Dawkins*  mentions  a  single  human  tooth  from 
Pont  Newydd  cave,  near  St.  Asaph ;  and  there  are  two  instances 
from  river  deposits  which  seem  to  me  sufficiently  well  authenti- 
cated to  justify  us  in  speaking  of  them  as  of  Palaeolithic  age. 

Bury  St,  Edmunds  Skull, — A  fragment  of  a  human  skull 
was  found  by  Mr.  Henry  Prigg  in  brick-earth  filling  a  pocket  in 
the  Chalk,  at  Westley,  near  Bury  St.  Edmunds,  and  some  account 
of  the  discovery  was  given  by  him  to  the  Anthropological  Society.t 
Mr.  Worthington  Smith,  J  appreciating  the  interest  of  this  piece  of 
skull,  published  a  drawing  of  it  in  his  book ;  but  the  fragment 
was  too  imperfect  to  give  any  idea  of  the  form  of  the  entire 
skull,  and,  unfortunately,  the  specimen  has  since  been  destroyed. 

Galley  Hill  Man  (1895). — The  second  instance  of  human 
bones  from  a  British  Pleistocene  river  deposit  was  made  known 
in  i895,§  but  the  remains  had  been  found  some  few  years 
previously  by  Mr.  Robert  Elliott  in  the  Palaeolithic  gravel  at 
Galley  Hill,  Northfleet. 

This  gravel  occurs  at  a  height  of  nearly  90  feet  above  the 
Thames,  and  is,  at  the  spot  where  the  skeleton  was  found,  about 
ID  feet  thick ;  it  is  part  of  the  high  terrace-gravel  of  this  neigh- 
bourhood, from  which  many  flint  implements  of  acknowledged 
Palaeolithic  type  have  been  obtained,  and  there  is  no  doubt  as  to 
the  Pleistocene  age  of  the  deposit.  * 

The  bones  were  found  at  a  depth  of  8  feet  in  the  gravel  and 
at  about  2  feet  from  the  top  of  the  Chalk.  There  is  no  doubt  as 
to  the  bones  being  in  situ^  for  the  skull  was  seen  in  place  by  one 
gentleman  (Mr.  Hayes),  and  the  limb-bones  were  dug  out  by 
another  (Mr.  Elliott),  and  were  so  fragile  that  it  was  quite  impos- 
sible for  them  to  have  been  placed  there  by  the  workmen. 

It  will  very  naturally  be  asked,  may  not  these  bones  have 
been  buried  in  the  gravel  at  a  later  date  ?  The  two  gentlemen 
who  saw  the  bones  in  the  face  of  the  gravel  are  very  positive  in 
saying  there  was  no  evidence  whatever  of  the  gravel  above  the 
remains  having  been  disturbed,  as  it  must  have  been  if  this  were 
indeed  a  burial  subsequent  to  the  deposition  of  the  gravel.  Both 
these  gentlemen  were  well  acquainted  with  the  Galley  Hill  pit 
where  the  bones  were  found. 

•  "  Early  Man  in  Britain,"  p.  15)2. 
i  JouTH.  Anthrop.  Inst.^\o\.  xvf,  p.  51. 
X  ••  Man  the  Primaeval  Savage,"  p.^  a8i,  1894. 
§  Quart.Joum.  Geol.  Soc,,  vol.  li,  p.  505. 
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The  skull  is  remarkable  for  its  great  length,  the  cephalic  index 
being  calculated  as  '64  ;  it  has  prominent  supraciliary  ridges  and 
a  receding  forehead,  like  the  Neanderthal  cranium,  but  not  so 
strongly  marked  when  viewed  from  above.  The  Galley  Hill  skull 
is  found  to  have  no  inflation  of  the  parietal  region,  and  thus 
differs  strikingly  from  the  Neanderthal  calvaria,  although  it  is 
equally  narrow  behind  the  orbits.  The  mandible  shows  a  fairly 
projecting  chin,  and  is  unlike  the  jaws  from  Spy  and  Naulette, 
while  the  molar  teeth  resemble  those  of  the  former  in  being 
nearly  of  equal  size,  the  last  molar  not  being  small  as  in  modern, 
and  especiadly  in  civilised,  races.  The  limb-bones  present  no 
marked  peculiarities,  and  indicate  a  stature  of  but  little  over  five 
feet. 

The  Palaeolithic  age  of  this  skeleton  has  been  questioned  by 
some  eminent  Anthropologists ;  but  while  admitting  that  absolute 
proof  of  its  antiquity  is  not  possible,  the  evidence  for  it  seems  to 
me  to  be  quite  as  strong  as  in  the  case  of  the  Spy  skeletons ; 
indeed,  I  am  not  aware  of  any  human  bones  which  have  a  greater 
claim  than  these  to  be  accepted  as  having  been  coeval  with  the 
Mammoth. 

I  am  not  satisfied  that  the  Galley  Hill  skeleton  belongs  to  the 
same  race  as  the  Palaeolithic  men  of  Belgium,  for  although  the 
large  supraciliary  ridges,  low  forehead,  projecting  probole,  low 
cephalic  index,  and  large,  equal-sized  molar  teeth  are  points  of 
agreement  with  the  Spy  skeletons,  yet  the  want  of  inflation  in  the 
parietal  region,  the  small  mandible  with  projecting  chin,  as  well  as 
the  more  normal  character  of  the  limb-bones,  are  unlike  the 
corresponding  parts  in  the  Spy  skeleton. 

Dr.  Garson  has  expressed  the  opinion  that  the  Galley  Hill 
man  belonged  to  the  Spy  and  Neanderthal  race ;  but,  if  this  be 
so,  a  wide  allowance  must  be  made  for  variation  in  this  primitive 
type  of  man. 

Hunstanton  Skeleton  (1897). — During  the  latter  part  of  last 
summer  Mr.  Trueman  Tucker  discovered  a  human  skeleton  in 
a  bed  of  gravel  at  Hunstanton,  in  Norfolk )  and  an  account  of 
this  discovery  was  given  in  a  local  newspaper  by  Dr.  Jonathan 
Hutchinson. 

There  is  no  room  for  doubt  as  to  the  remains  having  been 
found  in  place.  These  gentlemen  were  quite  satisfied  that 
"  the  skeleton  was  not  that  of  a  body  introduced  from  above, 
but  that  the  strata  in  which  it  was  entombed  had  been  deposited 
around  it  as  it  lay  in  situ.  Although  little  more  than  7  feet  of 
sand  and  gravel  lay  over  it,  yet  the  condition  was  absolutely 
unbroken  and  continuous  right  and  left,  with  precisely  the 
same  features.     It  was  not  alluvium,  but  sand  and  flints.'' 

With  regard  to  the  age  of  these  gravels  there  is  much 
uncertainty ;  although  they  have  been  noticed  by  several  writers, 
and  were  fully  discussed  by  Mr.  B.  B.  Woodward  in  the  Pro- 
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CEEDiNGS  of  this  Association, •  their  true  geological  position  has 
never  been  satisfactorily  settled. 

The  bones  are  those  of  an  adult  of  small  stature,  and,  so 
far  as  preserved,  present  no  characters  indicative  of  an  ancient 
race. 

In  my  previous  address  attention  was  directed  to  several  dis- 
coveries of  human  bones  supposed  to  be  of  Tertiary  age,  which 
could  not  be  accepted  as  of  so  early  a  date — Colle  del  Vento, 
Castenedolo,  Arezzo,  Foxhall,  and  Calaveras — and  there  is  no 
good  reason  for  supposing  that  any  of  these  remains  are  referable 
to  the  Pleistocene  period. 

The  Java  ^^ missing  link'*  (1894). — The  remarkable  skull, 
teeth,  and  thigh-bone  found  by  Dr.  Dubois  in  Java,  in  beds 
supposed  to  be  of  Pliocene  age,  were  considered  at  some  length 
in  my  address  last  yearf  and  although  we  then  came  to  the 
conclusion  that  Pithecanthropus  could  not  be  taken  as  evidence 
of  Man  in  the  Tertiary  period,  yet  in  all  questions  relating  to  the 
progenitors  of  primitive  Man  these  Javan  remains  are  of  the 
greatest  interest,  and  in  future  must  take  their  proper  place  in  any 
discussion  of  Man's  early  ancestry. 

In  the  size  of  the  brain  and  the  shape  of  the  skull 
Pithecanthrofus,  as  we  have  seen,  is  intermediate  between  Man 
and  certain  Apes.  The  resemblance  which  the  skull  bears  to  the 
Neanderthal  calvaria  is  striking,  but  all  the  pithecoid  characters  of 
the  latter  are  exaggerated  in  the  Java  skull,  in  addition  to  which 
a  far  lower  intelligence  is  indicated  by  the  much  smaller  brain. 

If  the  Java  Pithecanthropus  is  to  be  accepted  as  a  normal 
representative  of  a  pre-Palaeolithic  race  of  beings,  then  that  race 
must  have  been  of  a  far  lower  type  than  the  one  to  which  the 
men  of  Neanderthal  and  Spy  belonged,  and  would,  indeed,  seem 
to  be  the  "  missing  link "  for  which  evolutionists  have  so  long 
been  searching. 

If  the  prevailing  ideas  of  evolution  be  correct,  we  should  not 
expect  such  an  ancestor  of  Man  to  have  lived  in  the  later 
Pleistocene ;  that  is  to  say,  at  the  same  time  as  the  Palaeolithic 
race,  but  at  a  somewhat  earlier  period.  It  might  be  very  early  in 
Pleistocene  times,  or  in  the  still  earlier  Pliocene  ;  and  it  is  almost 
certain  that  to  one  or  other  of  these  periods  the  Javan  deposits, 
in  which  Pithecanthropus  was  found,  are  to  be  referred. 

However  interesting  these  remains  may  be  as  indications  of  a 
link  in  the  chain  of  human  ancestry,  it  would  hardly  be  justifiable 
to  class  a  race  of  beings  with  so  small  a  brain  in  the  same  species 
with  Homo  sapiens. 

The  close  agreement  between  the  thigh-bone  of  Pithecanthropus 
and  those  of  modern  human  skeletons  may  be  taken  as  a  caution 
not  to  expect  any  very  marked  distinction  between  the  bones 

*  Proc,  Geol.  Assoc,  i88s,  p.  97. 

t  Proc,  GeoL  Assoc. ^  vol.  xv,  p.  63. 
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of  Palaeolithic  and  living  Man,  nor  to  be  surprised  if  even  the 
skulls  fail  to  present  us  with  any  definite  characters  by  which 
we  may  distinguish  them  from  those  of  modern  races. 

Ccmclusian, — It  will  be  evident  from  what  has  been  said  that  a 
large  proportion  of  the  human  bones,  supposed  to  be  of 
Palgeolithic  age,  have  proved  to  be  either  Neolithic  or  of  still 
more  recent  origin,  while  the  evidence  concerning  many  others  is 
so  scanty  as  to  leave  their  age  altogether  uncertain. 

In  a  few  instances,  however,  the  evidence  as  to  the  finding  of 
the  bones  is  so  well  substantiated,  and  of  such  a  character  that 
they  are  accepted  by  most  writers  as  the  remains  of  Palaeolithic 
Man.  In  this  category  may  be  placed  the  skeletons  from  Spy 
and  that  trom  Galley  Hill,  as  well  as  the  jaw  from  the  Naulette 
cave,  the  piece  of  skull  from  Bury  St.  Edmunds,  and  perhaps 
the  skull  from  Eguisheim. 

The  famous  skulls  from  Neanderthal  and  Canstadt  are  among 
the  remains  of  uncertain  age ;  but  on  account  of  their  resem- 
blance to  the  Spy  skulls  they  are  supposed  to  be  of  the  same 
period  and  to  belong  to  the  same  race.  If  we  accept  these 
Spy  and  other  skeletons  as  remains  of  the  men  who 
made  Palaeolithic  implements,  what  do  they  tell  us  of  the 
mental  and  physical  conditions  of  those  early  progenitors  of 
mankind  ?  As  a  gauge  of  intellectual  capacity,  we  have  to  con- 
fess that  their  skulls  tell  us  far  less  than  do  the  relics  of  their 
handiwork. 

Professor  Huxley,*  in  speaking  of  the  Spy  skeleton,  says: 
"  The  anatomical  characters  of  the  skeletons  bear  out  conclusions 
which  are  not  flattering  to  the  appearance  of  the  owners.  They 
were  short  of  stature  but  powerfully  built,  with  strong,  curiously 
curved  thigh-bones,  the  lower  ends  of  which  are  so  fashioned  that 
they  must  have  walked  with  a  bend  at  the  knees.  Their  long, 
depressed  skulls  had  very  strong  brow-ridges ;  their  lower  jaws,  of 
brutal  depth  and  solidity,  sloped  away  from  the  teeth  downwards 
and  backwards,  in  consequence  of  the  absence  of  that  especially 
characteristic  feature  of  the  higher  type  of  man,  the  chin 
prominence.  Thus  these  skulls  are  not  only  eminently  *Neander- 
thaloid,'  but  they  supply  the  proof,  that  the  parts  wanting  in  the 
original  specimen  harmonised  in  lowness  of  type  with  the  rest." 

MM.  Fraipont  and  Lohest,t  to  quote  from  Mr.  Worthington 
Smith's^  translation,  in  summing  up  their  conclusions  say  that 
**  having  regard  merely  to  the  anatomical  structure  of  the  man  of 
Spy,  he  possessed  a  greater  number  of  pithecoid  characters  tha 
any  other  race  of  mankind. 

"  The   other  and    much   more   numerous  characters  ot   th 
skull,  of  the  trunk,  and  of  the  limbs,   seem  to  be  all  huma 

*  "  Nineteenth  Century,"  Nov.,  1890.    See  also  Worthington  Smith,  '*  Priinse\-al  Man» 

p.    2Q. 

t  Archiv.  de  Biol. 

X  "  Man  the  Primaeval  Savage,"  p.  28, 
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Between  the  man  of  Spy  and  an  existing  anthropoid  ape  there 
lies  an  abyss." 

"The  distance  which  separates  the  man  of  Spy  from  the  modem 
anthropoid  ape  is  undoubtedly  enormous ;  between  the  man  of 
Spy  and  Dryopithecus  it  is  a  little  less.  But  we  must  be  permitted 
to  point  out  that  if  the  man  of  the  later  Quaternary  age  is  the 
stock  whence  existing  races  have  sprung,  he  has  travelled  a  very 
long  way." 

That  the  Neanderthal  and  Spy  skulls  are  of  a  low  type  no 
one  will  deny,  and  most  of  us  will  agree  with  Prof.  Huxley*  when 
he  says  "Under  whatever  aspect  we  view  this  cranium  (the 
Neanderthal),  whether  we  regard  its  vertical  depression,  the 
enormous  thickness  of  its  supraciliary  ridges,  its  sloping  occiput, 
or  its  long  and  straight  squamosal  suture,  we  meet  with  ape-like 
characters,  stamping  it  as  the  most  pithecoid  of  human  crania 
yet  discovered."  Are  we  then  right  in  assuming  that  those  early 
men  were  less  intelligent  than  some  of  the  savages  living  at  the 
present  day?  I  think  not,  for  in  this  relation  we  must 
bear  in  mind  that  the  calculated  brain  capacity  of  the 
Neanderthal  skull  is  75  cubic  inches,  which  is  said  to  be  the 
average  capacity  of  Hottentot  and  Polynesian  skulls.  It  is  quite 
likely,  therefore,  that  with  an  equal  brain  capacity  there  was  a 
proportionate  intelligence.  And  further  than  this,  it  seems  that 
skulls  of  the  Neanderthal  type  have  existed  and  still  exist,  among 
modem,  civilised  people.  Dr.  Munrot  has  called  attention  to  this 
fact,  he  says,  "At  the  Paris  Congress,  M.  Vogt  quoted  the 
example  of  ooe  of  his  friends.  Dr.  Emmayer,  whose  cranium 
exactly  recalls  that  of  Neanderthal,  and  who  is  nevertheless  a 
highly  distinguished  lunacy  doctor.  In  passing  through  the 
Copenhagen  Museum  I  was  struck  by  the  Neanderthal  characters 
presented  by  one  of  the  crania  in  the  collection  ;  it  proved  to  be 
that  of  Kay  Lykke,  a  Danish  gentleman,  who  played  some  part 
in  the  political  affairs  of  the  seventeenth  century.  M.  Godron  has 
published  the  drawing  of  the  skull  of  Saint  Mansuy,  Bishop  of 
Toul  in  the  fourth  century,  and  his  head  even  exaggerates  some 
of  the  most  striking  features  of  the  Neanderthal  cranium.  The 
forehead  is  still  more  receding,  the  vault  more  depressed,  and  the 
head  so  long  that  the  cephalic  index  is  69.  Lastly,  the  skull  of 
Bmce,  the  Scotch  hero,  is  also  a  reproduction  of  the  Canstadt  type." 

It  is  evident,  therefore,  that  intelligence  of  a  high  order  may 
be  possessed  by  a  man  having  a  skull  like  that  from  the 
Neanderthal. 

With  these  facts  before  us  we  shall  be  better  able  to  appict  ate 
the  force  of  Professor  Huxley'sJ  remarks  when  he  says,  "  In  no 
sense,  then,   can  the  Neanderthal   bones  be  regarded  as  the 

•  "  Man's  Place  in  Nature,"  1863,  p.  156. 
t  *'  Prehistoric  Problems,"  1897,  p.  94. 
X  '•  Man's  Place  in  Nature,'"  1863,  p.  157. 
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remains  of  a  human  being  intermediate  between  men  and  apes. 
At  most,  they  demonstrate  the  existence  of  a  man  whose  skull 
may  be  said  to  revert  somewhat  towards  the  pithecoid  type." 

It  is  by  no  means  certain  that  we  are  right  in  accepting  the 
Spy  and  Neanderthal  remains  as  typical  of  the  race  to  which 
they  belong ;  for  it  must  be  remembered  that  the  second  Spy 
skull  is  less  like  the  Neanderthal  calvaria  than  is  the  first ;  and  if 
we  accept  the  Galley  Hill  man  as  of  the  same  age  and  stock,  then 
a  wider  allowance  must  be  made  for  variation  within  the  limits  of 
this  primitive  race  than  has  usually  been  done. 

It  is  only  within  the  last  twelve  or  thirteen  years  that  the 
bones  of  human  beings  have  been  found  under  circumstances 
which  may  be  taken  as  reasonable  proof  of  their  Palaeolithic 
age.  The  two  Spy  skeletons  are  really  the  foundation  upon  which 
we  have  to  work,  and  it  is  only  because  the  Neanderthal,  and 
some  other  skulls  of  doubtful  age,  are  like  the  Spy  examples,  that 
they  are  now  referred  to  the  same  race. 

The  Spy  and  Neanderthal  crania  are  moderately  long,  having 
cephalic  indices  of  from  70  to  74,  which  brings  them  just  within 
the  limits  of  dolichocephali,  and  the  Galley  Hill  cranium  is 
among  the  extremely  long  skulls,  having  an  index  of  about  64. 
It  must,  however,  be  remembered  that  the  dolichocephalic  skull 
is  not  confined  to  the  Palaeolithic  race,  for  this  is  precisely  the 
character  which  Dr.  Thumam  has  shown  to  be  a  peculiarity  of 
the  Neolithic  people,  and  distinguishes  them  from  the  round 
barrow  or  brachycephalic  race  of  the  bronze  period. 

At  present  we  have  too  few  examples  of  the  skulls  of 
Palaeolithic  men  to  allow  us  to  speak  dogmatically  of  thar 
typical  characters  ;  but  what  we  do  know  about  them  shows  that 
their  cephalic  index  is  much  the  same  as  in  the  Neolithic  men, 
from  whom  they  seem  to  be  chiefly  distinguished  by  the  greater 
development  of  their  brow  ridges,  their  low  and  receding  fore- 
heads, and  their  shorter  stature. 

The  advanced  intelligence  of  Palaeolithic  Man  is  abundantly 
proved  by  his  tools  and  works  of  art,  which  have  been  preserved 
in  far  greater  numbers  than  his  bones.  The  well  fashioned  flint 
implements,  the  striking  outlines  of  the  Mammoth,  Horses,  Rein- 
deer, and  human  figures  incised  on  pieces  of  ivory  and 
bone,  as  well  as  the  clever  carvings  of  animals  in  these  same 
materials,  are  ample  evidence  that  the  men  who  lived  with  the 
Mammoth  possessed  no  mean  artistic  ability,  and  no  little 
mechanical  skill. 

Sir  Wm.  Dawson*  has  shown  us  how  large  a  part  of  the 
works  of  man  perish  in  a  comparatively  short  time,  only  those  of  a 
very  enduring  nature  remaining  to  testify  to  the  intelligence  of 
the  men  who  made  them.  The  relics  of  the  ancient  inhabitants 
of  Montreal,  discovered  a  few  years  ago  when  excavations  were 

•  •'  Fossil  Men  and  their  Modem  Representatives,"  8vo,  London,  1880. 
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made  on  the  site  of  the  old  Indian  village,  gave  no  idea  of  the 
comparatively  high  social  condition  of  the  people  which  is  known 
to  have  existed  when  the  place  was  first  visited  by  Europeans. 
These  relics  might  almost  have  been  taken  for  those  of  a 
Neolithic,  if  not  of  a  more  primitive  race. 

If  these  facts  are  kept  in  mind,  there  will  be  a  tendency  to 
credit  Palaeolithic  Man  with  a  somewhat  higher  social  status  than 
we  have  usually  supposed  him  to  have  enjoyed. 

Those  who  desire  a  realistic  picture  of  the  daily  life  and 
habits  of  primaeval  Man  will  find  many  striking  sketches,  both 
with  pen  and  pencil,  in  Mr.  Worthington  Smith's  "Man  the 
Primaeval  Savage,"  and  in  the  Rev.  H.  N.  Hutchinson's 
"  Prehistoric  Man  and  Beast " ;  but  the  zeal  of  my  friends,  as 
shown  in  these  works,  has  carried  them  into  fields  of  study  and 
r^ons  of  scientific  imagination  whither  so  prosy  a  worker  as 
myself  is  unable  to  follow. 

And  now,  ladies  and  gentlemen,  I  have  to  thank  you  for  your 
presence  and  patience  as  we  have  travelled  together  through  this 
i^Uey  of  dry  bones.  I  fear  lest  the  feast  which  I  have  endea- 
voured to  spread  before  you  may  have  proved  unpalatable  and 
indigestible. 

I  take  this  opportunity  of  thanking  you,  also,  for  your  willing 
help  and  kindly  forbearance  during  the  two  years  that  have 
elapsed  since  you  placed  me  in  this  chair.  I  am  conscious  of 
many  shortcomings,  and  had  it  not  been  for  the  friendly  and 
generous  support  which  I  have  received  from  all  the  officers,  I 
fear  the  Association  might  have  suffered  ;  as  it  is,  I  trust  its  good 
name  is  untarnished  and  its  vigour  for  healthy  work  at  least  as 
great  as  it  was  two  years  ago. 

Looking  to  the  future,  our  prospects  are  bright.  We  are 
sailing  over  untroubled  waters,  but  we  must  be  prepared  for  cloud 
as  well  as  sunshine.  Perhaps,  before  some  of  us  expect  it  the  cry 
may  be  raised  of  "  I^ocks  ahead  1 "  and  then  the  presence  of  a 
captain  who  has  made  such  petrological  difficulties  his  special 
study  will  be  fully  appreciated.  It  is  no  little  satisfaction  to  be 
able  to  resign  the  duties  of  the  Presidency  to  one  holding  so  high 
a  position  in  the  geological  world  as  Mr.  J.  J.  H.  Teall,  who  will 
not  only  shed  lustre  on  our  Association,  but  in  every  way  enhance 
its  usefulness  and  strengthen  its  powers  of  work. 

I  have  very  great  pleasure  in  introducing  your  new  President, 
Mr.  J.  J.  H.  Teall,  and,  in  doing  so,  hope  that  to  you  and  to  him 
the  coming  years  may  be  as  pleasant  and  as  profitable  as  the  last 
two  years  have  been  to  me. 

"The  king  is  dead!     Long  live  the  king!" 
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PEBBLY  AND  OTHER  GRAVELS  IN 
SOUTHERN  ENGLAND. 

By  a.  E.  SALTER,  B.Sc.  (LondonX  F.G.S. 
(Read  Mmrck  4/A,  1898.) 

THIS  paper  deals  with  the  various  High  Level  gravels  of  the 
Thames  Valley  and  the  South  of  England  generally. 
Those  on  the  north  side  of  the  Thames  Valley  have  already  been 
described  by  the  author,*  and  one  of  the  objects  of  the  present 
paper  is  to  show  that  the  results  obtained  by  a  study  of  the  drift 
gravels  of  Southern  England  are  in  accord  with  those  already 
published. 

Preliminary  Remarks  on  Gravels  and  Other  Fluviatile 

Accumulations. 

{a)  Gravels,  when  laid  down,  were  at  the  lowest  level  in  their 
immediate  district,  whatever  the  position  they  may  now  occupy. 

{b)  The  presence  of  a  bed  of  gravel  implies  the  existence,  at 
the  time  of  its  deposition,  of  a  force  able  to  convey  material,  often 
of  considerable  weight,t  from  a  great  distance,  to  its  present 
position. 

{c)  Denudation  acts  far  more  slowly  upon  strata  protected  by 
gravel  than  upon  that  which  is  not  so  protected.     In  course  oF 
time,  the  bed  of  a  stream  depositing  much  gravel  may  become 
the  summit  of  a  hill,  owing  to  the  strata  forming  its  banks  having 
been  more  easily  denuded,  one  large  valley  being  divided  into 
two  smaller  ones,  with  a  ridge  down  the  centre.     In  this  way 
the  lines  of  drainage  in  one  cycle  of  river  action  may  became  the 
water-partings  of  a  succeeding  one.      In  other  cases  terraces  of 
varying  height  may  be  produced,  by  means  of  which  a  rough 
estimate  of  the  comparative  age  of  the  gravel  can  be  obtained, 
which  estimate,  in  rare  cases,  may  be  further  strengthened  by  the 
finding  of  remains  of  animals,  among  which  may  occur  indications 
even  of  man  himself. 

{d)  The  constituents  of  a  gravel  often  give  a  clue  to  the  tract 
of  country  which  furnished  them,  and  enable  us  to  correlate 
various  scattered  deposits,  especially  when  considered  in  connec- 
tion with  the  altitude  of,  and  angle  of  slope  between,  the  various 
patches  of  gravel.  In  the  absence  of  palseontological  evidence, 
this  method  of  correlation  is  the  best  available.  The  size  and 
condition  of  the  components  of  a  gravel  give  indications  of  the 
force  operating  and  the  distance  travelled. 


•  <( 


Pebbly  Gravels  from   Goring    Gap    to  the  Norfolk  Coast,**    Proe,  Geol,  Aswc^ 
vol.  xiv,  pp.  389-404. 

t  Cy.  Mr   H.  \V.  Monckion's  paper  ••On  Some  Gravels  of  the  Bagshot  District,"  read 
before  the  (Jeological  Society  on  Januarj'  19th,  1808. 

May,  1898.] 
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(e)  Gravel  accumulates  in  streams  chiefly  where,  for  some 
reason,  the  current  is  checked — e.g.,  when  a  tributary  enters  the 
main  stream,  in  which  case  there  is  often  a  mingling  of  two 
distinct  classes,  of  constituents.  It  is  quite  possible  for  a  small 
stream,  acting  for  a  long  time,  to  deposit  a  considerable  amount 
of  gravel,  although  at  any  one  time  it  may  be  carrying  but  a  few 
stones.  The  effect  of  denudation  in  a  case  like  this  would  be  to 
leave  the  gravel  as  an  isolated  patch. 

(/)  The  character  of  a  gravel,  whether  stratified,  unstratified, 
or  contorted,  the  occurrence  in  it  of  sandy  or  other  patches,  the 
kind  of  matrix,  if  any,  and  the  condition  of  the  uppermost  layers 
of  the  underlying  beds,  all  help  us  to  form  some  idea  of  the  con- 
ditions under  which  the  gravel  was  deposited. 

(g)  Owing  to  slipping,  redeposition,  etc.,  it  is  advisable  to 
take  the  highest  point  in  a  bed  of  gravel  when  forming  any 
deductions  based  on  difference  of  level.  Allowance  must  also 
be  made  for  any  earth  movements  which  may  have  occurred 
since  the  deposition  of  the  gravel  in  the  area  under  considera- 
tion. 

{K)  The  highest  and  presumably  oldest  gravel  beds,  while 
themselves  subject  to  addition  and  alteration,  have  supplied 
some,  if  not  all,  the  materials  of  the  lower  and  more  recent  beds 
of  gravel  in  their  vicinity. 

(/)  Beds  of  gravel  may  consist  of  the  sweepings  of  an  area 
which,  after  being  gently  denuded  for  ages,  is  subjected  to  more 
severe  conditions  for  a  time.  As  an  instance  of  this  may  be 
mentioned  the  occurrence  of  large  boulders*  {e.g.,  sarsens)  and 
flint  implementsf  at  the  base  of  beds  of  gravel. 

(y)  Durinp;  the  excavation  of  a  valley  by  a  river  system,  the 
main  and  tributary  streams  will  frequently  alter  their  positions ; 
but  some  idea  of  their  former  courses  will  be  afforded  by  the 
existing  beds  of  gravel  left  high  above  the  present  streams, 
owing  to  the  differential  denudation  referred  to  in  {c).  It  follows 
from  this  that  gravels  deposited  by  the  main  stream  during  the 
earlier  stages  of  valley  excavation  may  now  be  found  at  some 
distance  on  one  or  the  other  side,  e.g.,  Dartford  Heath,  Ashley 
and  Bowsey  Hills,  Hampstead  Heath,  etc. 

(k)  Since  the  effect  of  denudation  is  to  lower  the  source  of  a 
river  while  the  sea  level  at  its  mouth  remains  practically  constant, 
the  several  gravel  terraces  will  each  have  a  smaller  angle  of  slope 
than  the  one  immediately  above  it.  At  the  same  time  the 
relative  distances  between  them  in  any  particular  district  would 
be  fairly  constant. 

(/)  Neighbouring  valleys  or  river  systems  in  which  the 
climatal  conditions  are  similar,  should,  allowing  for  the  differ- 
ences in  rock  texture,  be  similar  also  in  the  evidence  they  show 

*  As  at  Chobham  ridges. 

t  As  at  Broom,  Somerset  ;  Wrecklcsham,  Surrey,  etc. 
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of  former  denudation.  Should  one  valley  be  more  affected  than 
the  other,  the  existence  of  the  denuding  agent  in  greater  force 
might  be  inferred.  Correlation  between  the  drift  stages  of  one 
valley  with  those  of  another  may  thus  be  possible.* 

THE  THAMES  VALLEY  GRAVELS  (SOUTH  SIDE). 

I.  High  Level  or  Early  Drifts. 

At  the  following  places,  patches  of  gravel  are  found  resting 
on  Tertiary  outliers  (which  owe  their  preservation  to  the  super- 
incumbent drift  deposits),  at  heights  varying  from  400  ft 
O.D.  near  the  middle  of  the  valley,  to  over  600  ft.  O.D.  on  its 
margin  : 

(a)  Cobham  Park,  Kent,t  near  the  Mausoleum,  400  ft.  O.D. 

(b)  Swanscombe  Hill,  near  Northfleet,  300  ft.  O.D.J 

(c)  Around  Ash  on  the  Plateau  near  Eynsford  and  Ightham. 

(d)  Well  Hill,  near  Halstead,  600  ft.  O.D.  This  small 
deposit  contains  Tertiary  pebbles,  subangular  and  green-coated 
flints,  chert,  small  quartz  pebbles  (dull,  translucent,  and  pink), 
jasper,  etc.  It  is  situated  opposite  the  gap  of  the  Darent  through 
the  North  Downs. 

(e)  Hill  above  Farningham,  Kent. 

(f)  Shooter's  Hill,  424  ft.  O.D. 

(g)  West  Ho  Hill,  Norwood,  360-380  ft.  O.D. 

(h)  Chipstead,  over  500  ft.  O.D.,  in  pockets  overlying  the 
sands  found  there.  The  gravel  is  almost  entirely  made  up  of 
Tertiary  pebbles. 

(i)  St.  Anne's  Hill,  near  Chertsey,  300  ft.  O.D. 

(j)  Burgh  Heath.  § 

(k)  Headley  Heath, ||  600  ft.  O.D. 

(/)  Juniper  Hill,  600  ft.  O.D.  The  valley  leading  up  from  the 
Vale  of  Mickleham  to  Headley  has  much  gravel  on  its  highest 
slopes. 

{m)  Ranmore  Common,  600  ft.  O.D.,  on  the  opposite  side  of 
the  Vale  of  Mickleham. 

(«)  Netley  Heath,1I  over  600  ft.  O.D.  On  the  left  side  of  the 
road,  running  from  East  Horsley  to  Shere,  is  a  sand-pit,  where 
about  12  ft.  of  sand  is  worked.  Above  the  sand,  and  in  pockets, 
is  a  gravel  containing  rounded,  porous,  and  compact  chert,  iron- 

*  For  further  remarks  on  this  subiect  see  "  The  Development  of  Certain  English  Rivers," 
by  Prof.  W.  M.  Davis,  of  Harvard  University,  Gtog.  Journal  ior  Feb.,  1895.^ 

t  For  dejicriptions  of  this  and  several  other  localities  see  Prof.  Prestwich's  papers  on 
the  "Southern  Drift,"  etc. 

X  Cf.  **  Excursion  to  Swanscombe,"  Proc,  Geol.  Assoc.,,  vol.  xiv.  p.  305. 

§  df.  "  Notes  on  the  Gravels  of  Croydon  and  its  neighbourhood, '  by  G.  Jennings  Hinde, 
Treuu.  Croydon  Microscopic  and  Nat .  Hisi.  Ciub,  1896-7. 

II  Cf.  **  Excursion  to  Headley,*'  Proc.  Geol.  Assoc. ^  vol.  xiv,  pp.  zaviaS,  by  H.  W. 
Monckton . 

IF  Proc.  Geol.  Assoc.,  vol  x,  p.  182  ;  also  "On  the  Sands  and  Ironstones  of  the  North 
Downs,"  by  Prof.  Prestwich,  Quart.  Joum.  Geol.  Soc,^  vol.  xiv,  pp.  321-335 ;  **  Gcolc^y  of  the 
London  Basin,"  W.  Whitaker,  vol.  iv,  pp.  336-342 ;  and  Quart,  joum,  Geol,  Soc.^  vol.  xviii, 
p.  271  et  seq. 
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Stone  pebbles  (polished  and  containing  small  pebbles  of  flint  and 
quartz),  unworn  flints,  small  quartz,  Tertiary  pebbles,  sandstone, 
and  pieces  of  marcasite  nodules.  Quite  close  to  the  pits,  and 
probably  derived  from  them,  was  a  large  sarsen 

(o)  Newland's  Corner,  near  Guildford,  nearly  600  ft.  O.D. 

(p)  Upper  Hale,  near  Caesar's  Camp,*  Aldershot,  470  to 
605  ft.  O.D.  The  upper  part  of  the  deposit  is  far  more  sandy 
than  the  lower,  in  which  several  sarsens  are  embedded  in  a  clayey 
matrix. 

Some  of  the  foregoing  consist  of  Tertiary  debris  only  and  were 
derived  from  strata  previously  existing  in  the  Thames  basin; 
otherSj  however,  contain  material  from  a  wider  area,  e.g,, 

(a)  Chert,  which  may  be  of  a  white,  brown,  or  red  colour,  and 
either  porous  or  compact.  This  is  derived  from  the  Lower  Green- 
sand  area,  and,  together  with  other  material  mentioned  later, 
show  that  the  drainage  area  of  the  Thames  has  been  curtailed 
towards  the  south.f 

{d)  Ironstone.  Three  distinct  kinds  are  met  with  in  the 
above  localities,  viz.,  a  compact  variety,  evidently  derived 
mediately  or  immediately  from  the  Wealden  area;  a  coarser 
variety,  containing  well-rolled  flint  pebbles,  pieces  of  quartz, 
small  flakes  of  mica,  etc.,  which  must  therefore  be  of  post- 
Cretaceous  age,  and  is  probably  derived  from  pre-existing 
Pliocene  beds  on  the  North  Downs ;  and  a  rougher  variety, 
derived  probably  from  the  Bagshot  sandy  beds. 

(c)  Small  quartz  pebbles.  These  vary  in  size  from  half  an 
inch  long  to  sand,  and  consist  of  the  dull,  translucent,  and  pink 
varieties.  Similar  quartz  pebbles  occur  in  layers  in  the  Wealden 
sandstones,  e.g.,  those  at  Tunbridge  Wells,  near  which  place  Dr. 
Abbott  has  found  small  pebbles  of  jasper,  quartz,  sandstone,  etc., 
associated  with  them.  These  quartz  pebbles  are  quite  distinct 
from  those  found  in  the  Westleton  Drift  on  the  north  side  of  the 
Thames  Valley,  excepting  those  found  on  Hampstead  Heath. 

It  would  appear,  therefore,  that  this  series  of  deposits  was 
laid  down  while  the  southern  slopes  of  the  Thames  Valley  were 
still  mantled  by  Tertiary  deposits,  and  when  these  slopes  con- 
tinued without  break  to  the  Wealden  area.  At  first  beds  of 
gravel,  made  up  of  the  wreckage  of  Tertiary  beds,  would  be 
deposited,  but  soon  material  from  a  greater  distance  would  appear 
as  the  streams  deepened  and  cut  back  their  channels,  or  earth 
movements  brought  the  lower  strata  under  the  influence  of 
denuding  agents.  The  harder  Chalk  range  would  be  breached 
at  a  few  points  by  the  streams  running  northward  from  the 
Weald,  and  thus  initiate  the  series  of  gaps  in  the  North  Downs. 

*  C/.  H.  W.  Monckton  "On  the  Gravels  South  of  the  Thames  from  Guildford  to 
Newbury,"  Quoft.  Joum.  Geol  Soc.,  vol.  xlviii,  j).  30,  etc. :  also  Prof.  Prestwich,  Quart. 
J 9mm.  Gtol.  Soc.,  vol  xlvi,  p.  161  ;  and  Dr   Irving  in  Proc.  Geol.  Assoc  .  vol.  viii,  p.  i^ 
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trm.  iMtoi.  Cioc.f  voi  xivi,  p.  loi  ;  anu  ur   irvmg  m  r-roc.  ireot.  ^ssoc  .  voi.  viii,  p.  143. 
t  C/.  F.  G.  Spurrcll,  **  A  Sketch  of  the  History  of  the  Rivers  and  denudation  of  West 
nt.'^Proc.  iVitt  Kent  Nat.  Hist.  Soc.,  Jan.  27,  1886. 
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In  the  east  the  Darent  commenced,  and  deposited  the  Well  Hill 
and  other  gravels  of  West  Kent.  In  the  west  several  smaller 
streams  appear  to  have  fed  a  larger  one  which  flowed  westward 
close  to  Burgh,  Headley,  and  Netley  Heaths,  towards  the  Merrow 
Downs  and  Upper  Hale,  Aldershot.*  High  land,  above  600  ft. 
O.D.,  must  then  have  existed  over  the  Bagshot  country,  and 
prevented  the  streams  flowing  direct  north  as  the  Mole  and 
Wey  do  now.  This  range  supplied  the  sarsens  from  its  upper 
portions  since,  at  Upper  Hale,  we  first  find  them  embedded  in  the 
gravel  near  the  base.  The  presence  of  this  range  would  enable  us 
to  account  for  the  curious  sands  associated  with  the  gravels  at 
Netley  and  Headley  Heaths  as  being  drifted  from  it  in  the  higher 
courses  of  the  tributaries  of  the  main  east-to-west  stream.  I 
shall  hereafter  refer  to  this  high  land  as  the  Bagshot  sarsen  range, 
and   to  the  main  stream  flowing  east  to  west  as  the  Bagshot 


1, 

2. 


-Section  along  the  Highest  Ground  Between  Goring  Gap  and 
THE  Land's  End  (^Vertical  Scale  much  exaggerated^ 


Stream,  since  they  are  both  intimately  connected  with  the  past 
history  of  the  Bagshot  country. 

Further  to  the  west,  the  gravels  near  Inkpen  (Upper  Kirkby 
Green,  573  ft.  O.D.)  and  Hungerford  on  similar  Tertiary  outliers, 
and  the  Southern  Drift  at  Snelsmore  and  Greenmore  Commons, 
440  ft.  O.D.,  near  Newbury, t  seem  to  point  to  a  stream  from 
the  west,  while  on  the  north  side  of  the  valley  a  very  similar  set 
of  gravels  are  met  with.  The  "  A  "  series,  described  by  the  author, 
corresponds  to  the  drift  containing  local  materials  only,  while 
closely  connected  with  it  is  a  series  of  gravels  containing  material 
derived  from  a  distance.  These  were  included  in  the  "  C  "  series, 
or  Westleton  Drift  proper.  The  series  "  B  "  of  that  paper,  the 
author  thinks,  was  mainly  derived  from  the  south. 

Before  the  succeeding  series  of  gravel  deposits  were  laid  down,  a 
vast  amount  of  denudation  took  place.  Some  of  the  streams 
which  brought  quartz  pebbles,  etc.,  from  the  Wealden  area  were 

•  Cf.  H.  W.  Monckton's  remarks,  Proc.  Geol.  Assoc.^  vol.  xiv,  pp.  134-128. 
t  Cf,  P.  E.  Richards  in  Quart.Joum.  Geol.  Soc.,  vol.  liii,  p.  420. 
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diverted  owing  to  the  formation  of  the  Chalk  escarpment  and  the 
longitudinal  £.  and  W.  valleys  at  its  base.  Those  traversing  the 
Chalk  range  greatly  deepened  their  channels  and  the  sides  of 
the  Downs  became  furrowed  by  what  are  now  dry  Chalk  valleys. 
The  valley  of  the  Darent  became  restricted  to  Lower  Greensand 
and  younger  strata,  while  the  Bagshot  stream  appears  to  have  lost 
its  upper  feeders  (the  Mole,  etc.),  which  flowed  more  directly 
northward  to  the  central  main  stream. 

Recently  Mr.  Clement  Reid*  has  put  forward  the  view  that 
the  removal  of  the  flints  from  the  Chalk  has  been  brought  about 
by  the  porous  Chalk  being  temporarily  converted  into  a  hard 
compact  rock  by  being  frozen.  This  is  quite  feasible,  and  would 
most  eflectually  lead  to  the  sweeping  of  the  hard  insoluble  residue 
from  the  Chalk  down  the  valley.  It  is  quite  possible,  however, 
that  flints  were  not  abundant.  At  Wrotham  Chalk-pit,  in  the  face 
of  the  escarpment,  they  are  very  scarce  now.  Beside  this  it  is  well 
to  notice  that  in  the  formation  of  these  transverse  and  dry  Chalk 
valleys,  we  are  dealing  with  a  rock  which  under  certain  conditions 
is  soluble  in  water.  The  solubility  of  calcium  carbonate  in  water 
depends  on  the  amount  of  carbon  dioxide  present,  and  the 
amount  of  this  substance  depends  on  temperature  and  pressure. 
The  latter  need  not  be  noticed  as  the  action  we  are  con- 
sidering took  place  at  the  surface.  The  former,  however, 
is  important.  More  carbon  dioxide  is  taken  up  by  cold 
water  than  by  hot.  It  follows,  therefore,  that  the  amount  of 
soluble  bicarbonate  of  lime  produced  depends  upon  the  tem- 
perature. For  this  and  other  reasons  mentioned  later,  it  is  highly 
probable  that  the  transverse  and  dry  Chalk  valleys  were  formed 
during  a  period  when  very  cold  water  was  continually  acting  upon 
the  Chalk.  In  the  more  northern  parts  of  England  the  Glacial 
period  has  mainly  left  its  mark  in  the  various  eflects  of  solid  ice,  in 
the  south  the  effects  are  those  of  liquid  water.  This  would  lead  to 
great  denudation  in  the  warmer  portions  of  the  country  since  the 
ice  further  north  remaining  longer  unmelted  would  act  as  a  rock, 
possibly  cause  great  deviations  in  the  lines  of  drainage,  and  cer- 
tainly cause  those  which  lead  south  to  become  inordinately  swollen. 

It  is  interesting  to  note  that  those  parts  of  the  North  Downsf 
on  which  these  drifts  occur  have  been  subsequently  denuded  the 
least,  and  it  is  there  that  Mr.  B.  Harrison  and  others  have  found 
those  remarkable  chipped  flints  (eoliths)  described  by  the  late 
Prof.  Prestwich.  Rolled  specimens  of  them  are  found  in  the 
next  series  of  gravels.  It  seems  probable  that  these  implements 
were  scattered  on  the  surface  during  the  interval  between  the 
High  Level  and  Lower  Plateau  Drifts. 

•  Quart.  Joum,  Gcol.  Soc.  vol.  xlviii,  p.  360. 

t  For  other  localities,  etc.,    cf.    A.    S.    Kennard   on    '*  The    Authenticity  of  Plateau 
Man,"    "  Nat    Science,"  vol.   xii,  p.  277,  and    the  Rev.  A.   Bullen   in  "  Nat.   Science,' 
vol.  xii,  p.  »o6 ;  also  "  Excursion  to  the  Kentish  Plateau,"  W.  J.  Lewis  Abbot,  Proc.  GtiL 

Assoc. ^yo\.  xiv,   p.  196. 
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2.  Lower  Plateau  and  Glacial  Drifts. 

This  series  of  gravels  has  a  closer  connection  with  the  present 
river  valleys  than  the  preceding.  It  will  be  convenient  to  take  the 
deposits  in  the  tributary  valleys  first,  and  then  those  more 
direaly  connected  with  the  main  stream. 

(a)  In  the  Darent  Valley,  which  was  so  thoroughly  investigated 
by  the  late  Prof.  Prestwich,  deposits  occur  at 

1.  Limpsfield  Common,^  above  500  ft.  O.D. 

2.  Farley  Hill,  two  miles  E.  of  the  Limpsfield  patch,  and 
450  ft.  O.D. 

3.  Boughton  Hill,  near  Dunton  Green,  357  ft.  O.D. 

The  gradient  given  by  these  patches  is  25  ft.  per  mile,  which, 
if  continued  down  the  valley,  would  coincide  with  the  level  of 
theDartford  Heath  gravel,  which  consists  of  material  derived  from 
the  south,  mingled  with  northern  material,  t  Since  the  Limps- 
field gravel  is  on  the  watershed  of  the  Darent,  and  consequently 
at  the  top  of  the  slope  indicated,  it  is  possibly  rather  older  than 
the  others,  as  may  be  inferred  from  the  type  of  implements  found 
there. 

The  gravels  at  Dunton  Green  and  Chevening,  in  the  Darent 
Valley,  at  slightly  lower  levels,  270  ft.  U.D.,  than  those  already 
mentioned,  appear  to  indicate  a  second  stage,  and  the  Chevening 
gravel  is  interesting,  since  it  shows  contortion,  which  also  occurs 
'I  the  Clay  Pit  on  Limpsfield  Common. 

(^)  The  Wandle  Valley,  which  at  an  early  date  was  deprived  of 
itsWealden  drainage  area  by  the  recession  of  the  Chalk  escarpment 
northward  and  the  cutting  back  of  their  valleys  by  the  upper 
feeders  of  the  Mole  and  Medway,  J  contains,  as  far  as  I  know, 
nothing  equivalent  to  the  gravels  at  Limpsfield,  unless  those 
at  Foxley  Wood,  350  ft.  O.D.,  and  others  near  Caterham 
Junction,  a  few  feet  lower,  mentioned  by  Mr.  Spurrell,Ji  should  be 
placed  with  them.  Dr.  G.  J.  Hinde,  in  an  exhaustive  account  of 
the  gravels  of  this  valley,  makes  no  reference  to  anything 
equivalent.  II  The  Chalk  pit  at  Purley  formerly  showed 
numerous  pipes  filled  with  an  ochreous  gravel,  which  might 
possibly  be  referred  to  this  stage. 

.  if)  The  Bagshot  District.  The  gravels  connected  with  the 
"asins  of  the  Mole,  Wey,  and  Blackwater,  will  be  considered 
together,  the  soft  Bagshot  strata  having  suffered  greatly  from  de- 
nudation during  and  after  this  period. 

Owing  to  the  researches  of  Mr.  H.  W.  Monckton,  Dr.  Irving,^ 

w  W.  Topley,  Prve.  Geo/.  Assoc.,  vol.  xi,  p   32. 
()/T**J  <**W  patches  in  the  Darent  and  Cray  valleys  mentioned  by  Prof.   Prestwich,  see 
^J^' /•*'».  C<*/  Soc.,  vol.  xlv,  pp.  270  fi  scq.  (especially  the  diagram  on  p.  272)  and 

iyjopley,'  "Geology  of  the  Weald,"  Geol.  Sun'cy  Memoir. 
\  *•  G  Spurrcll.    Op,  cit. 

4  '     ^  Ba^iihot  Strata  of  the  London  Basin  and  their  Associated  Gravels."  Proc.  G<'ol. 

May,  1898.  21 


L 


2  72  A.    E.    SALTER   ON   PEBBLY  AND  OTHER 

Prof.  Rupert  Jones,  and  many  others,  the  gravels  of  this  district 
have  received  a  great  deal  of  attention,  and  I  shall  merely  state 
such  facts  as  are  necessary,  in  my  opinion,  to  show  their  position 
in  connection  with  the  other  gravel  deposits  of  the  South  of 
England.  The  Bagshot  sarsen  range  still  persisted,  though  pro- 
l)abiy  of  much  less  altitude,  and  continued  to  contribute  large 
sarsens  from  its  upper  beds  to  the  Bagshot  stream  which  flowed 
along  where  the  Chobham  and  Frimley  Ridges  and  East- 
hampstead  Plain,  426-390  ft.  O.D.,  now  remain.  The  bulk  of  the 
material  composing  the  gravels  in  this  district  is  derived  from 
Tertiary  strata,  and  but  little  from  the  Wealden.  This  is  an- 
other indication  that  high  ground  composed  of  Tertiary  strata 
existed  to  supply  it.  As  denudation  proceeded,  this  line  of 
drainage  liecame  a  watershed  between  the  Bagshot  stream 
flowing  N.W.  to  join  the  main  stream,  and  another  flowing  N.E. 
to  join  the  same  stream  at  a  point  nearer  its  mouth.  By  the 
first  of  these,  the  Hartford  Bridge  Flats  and  Finchampstead 
Plain  gravels  would  be  laid  down  at  levels  varying  from  300  ft. 
to  333  ft.  O.D.,  while  the  other  would  deposit  the  patches  men- 
tioned by  the  authors  named,  at  Windlesham  310  ft.  O.D. ;  the 
hills  above  Ascot,  301  ft.  to  320  ft.  O.D. ;  Chavey  Down,  302  ft, 
etc.  It  is  interesting  to  note  that  only  small,  rolled  pieces  of 
sarsen  are  found  in  the  Hartford  Bridge  Flats  gravels  to  the  west 
of  the  ridges,  while  at  Ascot  Heath  (especially  near  the  Royal 
kennels)  and  St.  George's  Hill,  245  ft.  O.D.  to  the  east,  they  are 
large  and  plentiful.*  From  this  it  would  appear  that  the  sarsens 
came  mainly,  if  not  wholly,  from  the  East  side  of  the  Bagshot 
stream. 

The  gravels  further  west  contain  no  chert,  and  but  very 
few  quartz  pebbles.  They  are  referred  to  the  "  Silchester  type," 
by  Mr.  Monckton,  and  belong,  I  think,  to  another  stream 
altogether,  which  drained  the  area  on  the  western  side  of  the 
Bagshot  stream  watershed,  and  correspond  to  the  High  Level 
Drift  in  that  area  in  a  similar  manner  to  that  in  which  the 
Chobham  ridges,  etc.,  do  to  the  gravels  at  Upper  Hale,  etc.  Mr. 
P.  E.  Richards  describes  a  gravel  300  ft.  O.D.  at  Donnington 
Grove,  Newbury,  which  belongs  to  this  stage  t 

In   this  district,  then,  there  are  distinct  indications  of  twc^ 
stages   during  this   period,  with   a   difference  of  about   100  f 
between  them.  J      Mr.  O.  Shrubsole§  has  found  rudely  chippe<^ 

•  Cf.  H.  W.  Monckton,  Quart.  Joutn.  Geol.  Soc.,  vol.  xlviii,  p.  42.  See  also  Dr.  IrviaS 
in  *  Science  Gossip"  for  May  and  June,  1891,  and  Proc.  GeoL  Assoc.,  vol.  viii,  pf>. 
143-171  :  and  W.  H.  Hudleston,  Qua*t.  Joum.  GeoL  Soc.,  vol.  xlii,  p.  147. 

t  "Gravels  and  Associated  Deposits  near  Newbuiy,"  Quart.  Joum.  Giol.  Soc.,  vol.  liu» 
p.  420- 

*  C/.  Prof  Ruf)ert  Jones  jn  Proc.  Geol.  Assoc. ^  vol.  viii,  p.  44^  ;  and  Dr.  A.  Irving  "On 
the  iiagshot  Strata  of  the  London  llasin  and  their  Associated  Gravels,**  Proc.  Gtol,  Assoc , 
vol.  viii.  p.  143-T71. 

5  "  On  Flint  Implements  of  a  Primitive  Type  from  old  (preglacial)  Hill  Gravels  of  Berk* 
^hire."  loun.  Anthropological  lust.,  vol.  .xxt,  p.  241  ;  and  Quart.  Joum.  Gtol.  Soc.,  vti 
xlix.  ]).  3..'^  . 
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flints  in  these  gravels,  and  most  suspicious-looking  specimens 
have  been  obtained  by  the  author  from  the  Chobham  Ridge 
Plateau  at  High  Curly,  near  Bagshot. 

{d)  The  main  stream  (Thames).  In  the  central  portions  of 
the  valley  are  found  several  gravel  deposits  corresponding  in  level 
to  the  preceding,  containing,  in  addition  to  the  materials  already 
described  as  coming  from  the  South,  a  quantity  of  other  material 
derived  from  the  North,  and  probably  also  some  from  the  West 
of  England.  They  mark  the  position  of  the  confluence  of  the 
Southern  streams  with  the  main  one  at  that  time.  Dr.  Buckland* 
and  Prof.  Phillips  showed  that  Triassic  debris  entered  the  Upper 
Thames  Valley  through  the  gaps  at  Moreton  in  the  Marsh,t  and 
above  Banbury.  An  admirable  summary  of  former  work  on 
this  part  of  the  subject  has  recently  been  laid  before  the  Associa- 
tion by  Mr.  Osborne  White.  J 

The  characteristic  constituents  of  these  gravels  are  quartzites 
of  various  colours,  quartz,  grits,  radiolarian  chert,  schorl-rock, 
jasper,  and  ign€;pus  rocks.  The  chief  localities  where  these 
deposits  occur  are : 

(i)    In   Oxfordshire,   near   Moreton,   Wightam  and    Bagley 

Woods,  the  high  parts  bordering  the   Evenlode  and  CherweU 

valleys,  at  heights  above  500  tt.  O.D.     (2)  Around  Goring  Gap 

at  Upper  Basildon,  426  ft.  O.D.  ;  Tilehurst,  290-34)  ft.  O.D.  ;§ 

The  Hockett,  near  Quarry  Woods,  351  ft.  O.D.,  and  Littleworth 

Common  on  the  opposite  side  of  the  river ;  Shiplake,  340  ft. 

O.D. ;  Cookham  Dean,  300  ft.  O.D.  ||     (3)  The  Mount,  Ealing, 

2 10  ft.  O.D.     (4)  Kingston  Hill,  Coombe  Wood,1I  178  ft.  O.D. ; 

Richmond   Hill,    181  fc. ;    Wimbledon   Common,    180  ft.      (5) 

iDartford   Heath,**    136  ft.       Rolled    Gryphaea,    brown,    light 

coloured,  and  variegated   quartzites,  quartz  pebbles,  schorl-rock 

from  the  W.  and  N.  and  chert,  ironstone,  flint,  etc.,  chiefly  from 

the  S.,  occur  here.     The  gravel  is  10-20  ft.  deep  on  the  Heath  ; 

but  at  Wansunt  Pit,  near  Crayford  Station,  it  is  40  ft.  thick. 

During  this  period  Goring  Gap  was  apparently  further 
deepened  in  two  stages, ft  during  the  first  of  which  the  gravels 
on  Ashley  and  Bowsey  Hills  were  deposited,  and  the  remainder 
of  the  deposits  rather  later.  The  influx  of  water,  etc.,  from  the 
Bagshot  stream  led  to  the  deposit  of  much  material  in  the 
Reading  and  Maidenhead  districts,  and,  as  far  as  I  am  aware,  no 

♦  '•  Reliquiz  Diluvianae,"  p.  379,  etc. 

t  This  gap  is  now  420  ft.  O.  D. 

J  **  On  the  Origin  of  the  High  Level  Gravel  with  Triassic  debris  adjoining  the  Valley  of 
ihe  Upper  Thames,*'  Proc.  Geol.  Ass'k.,  vol.  xv,  p.  157. 

I  See  **  Valley  firaveU  near  Reading,"  by  O.  Shrubsolc,  Quart.  Joum.  Geol  Soc,  \o\. 
xlvi,  p.  58a. 

j|  "  On  the  distribution  and  relations  of  the  Weatleton  and  Glacial  Gravel s"  ProcCccl. 
A$soc  ,  vol.  xiv,  p.  II. 

^  **  Visit  to  Great  Gravel-pit  South  of  Warren  House,"  Proc.  CeoL  Assoc,  vol.  vi  (1880). 
••  '*  Excursion  to  Dartford  Heath  "  Proc,  Geol.  Assoc  ,  vol.  xiii,  p.  70,  by  F.  G.  Spurrell. 
tf  The  stream  depositing  the  Westleton  Drift  had  already  cut  down  a  considerable  depth. 
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similar  deposits  are  found  corresponding  in  height  for  some 
distance.  This  will  be  explained  if  we  remember  that  the  next 
tributary,  draining  what  is  now  the  basin  of  the  Mole  apd  part 
of  the  Wey,  had  not  joined  the  main  stream.  The  gravels 
at  Kingston  Hill,  probably  mark  the  position  of  this  con- 
fluence. Not  only  the  character  of  the  larger  constituents 
testifies  to  the  correctness  of  this  view,  but  the  sandy  matrix 
is  evidently  derived  from  the  green,  sandy  beds  in  the  Bagshot 
area.*  The  gravels  at  The  Mount,  Ealing,  described  by 
Mr.  Allen  Brown, t  stand  at  another  such  junction ;  in  this 
case  probably  with  a  stream  flowing  southwards  from  the 
northern  Chalk  range,  and  they  may  be  connected  with  the 
deposits  at  Harefield  and  St.  Albans.  Further  east  another 
important  stream  from  the  north  joined  the  main  stream,  by  the 
Hitchin  and  other  gaps,  which  deposited  the  Finchley  and 
Oakleigh  Park  gravels,  containing  Gryphaea,  etc.  The  gravels  at 
Hendon,^  described  by  Dr.  Hicks,  containing  sarsens,  porous 
and  compact  chert,  and  other  southern  drift  material,  may  have 
been  laid  down  by  the  main  stream  at  and  hear  its  junction 
with  that  coming  via  the  Hitchin  and  other  gaps.  The  stream 
passing  through  Bishop's  Stortford  Gap  also  >ielded  its  quota 
of  foreign  material  to  the  main  stream.§  The  next  important 
tributary  was  the  Darent,  and  at  its  junction  with  the  main 
stream  the  Dartford  Heath |{  and  other  gravels,  at  similar  heights 
in  the  neighbourhood,  were  deposited.  These  gravels,  although 
now  South  of  the  Thames,  contain  northern  debris^  some  of 
which  can  be  traced  through  the  Hitchin  and  Bishop's  Stortford 
Gaps  {e.g.^  Gryphaea,  Belemnites),  and  cannot  be  found  in  deposits 
higher  up  the  main  valley. 

No  contemporaneous  fossils,  such  as  large  mammalia,  have 
been  recorded  from  this  set  of  gravels,  and  in  this  respect  they 
differ  from  gravels  at  lower  levels  Rude  Palaeoliths  and  rolled 
Eoliths  are  found  in  the  Darent  gravels,  in  the  Bagshot  stream, 
and  quite  recently  by  Mr.  Llewellyn  Treacher, U  at  the  Hockett, 
near  Goring  Gap. 

This  series  corresponds  to  the  series  D  and  E  (two  stages)  of"5 
the  author's  previous  paper. 

•  E.g^.,  those  s€cn  during  the  recent  Excursion  to  Woking.    Proc,  Gtol.  Assoc.^  vol  xv — a. 
p.  185. 

t  "  The  Thames  Valley  deposits  of  tht  Ealing  district,"  by  J.  A.  Brou-n,  Quart.  Joum 
Ceol.  Soc  ,  vol.  xlii,  p.  1^2 ;  also  **  Excursion  to  the  Mount,  Ealing,"  Proc.  Geol.  Astoc 
vol.  X,  p.  361,  and  vol.  xiv,  p.  153. 

X  *'  On  some  recently  exposed  sections  in  the  Glacial  Deposits  at  Hcndon,"  by  H.  Hid 
Quaft.  Joutn.  Geol.  Soc.^  vol.  xlvii,  p.  575  ;  "  Excursion  to  Hendon,"  Proc.  Geol.  Assot 
\o\.  xiv.  p   328. 

§  *'  Excursion  to  Bishop's  Stortford."  by  Dr.   A.  Irving,  Proc.  Geol.  Assoc.^  nx)!    >^ 
p  1Q3;  and  Dr.  Gregory,  "Excursion  to  Walthamsiow,"  Proc.  Geol,  Assoc. ^  vol.  xii,  p.  339 — 
"  Excursion  to  Dartford  Hcaih,"  Proc.  Ceol.  Assoc.,  vol.  xiii,  p.  7a. 

•"  Froc.  Geol.  Assoc,,  vol.  xv,  p.  loi. 
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3.  The   River  Drifts. 

Below  the  High  I^vel  Drift  and  Lower  Plateaiu  Gravel's,  are 
several  gravel  deposits  which  are  distinguished  from  them  by  their 
lower  level,  their  closer  connection  with  the  present  valleys,  and 
by  the  bones  of  extinct  mammalia  and  Palseolithic  implements 
often  found  in  them.  They  are  all,  in  my  opinion,  newer  than 
the  latest  of  the  Glacial  deposits  in  the  valley,  viz.,  the  Chalky 
Boulder- Clav,  which  can  be  seen  resting  on  the  Lower  Platen u 
gravels  in  the  Lea  Valley  at  Hatfield  Hyde,*  in  the  Stort  Valley, 
near  Hockerill't  in  Herts,  on  the  Hendon  Plateau,  J  at  Whet- 
stone§  and  Oakleigh  Park,§  near  Finchley,  etc.;  and  Mr.  T.  V. 
Holmes  has  shown ||  that  this  same  deposit  underlies  the  highest 
river  terrace  at  Upminster.  As  before,  it  will  be  convenient  to 
take  the  tributary  valleys  first,  and  then  the  main  one. 

{a)  The  Darent  and  Cray. 

Remains  of  Elephas  have  been  found  at  Shoreham  and 
Otford.  In  the  neighbouring  Cray  valley,  gravel  beds  occur  at 
Pratt's  Bottom,  where  there  is  a  small  pit  of  flint  gravel  with  a 
capping  of  4  ft.  of  soil.  Quite  close  were  large  pieces  of  pebbly 
ironstone,  obtained  from  similar  pits,  but  evidently  drifted  down 
from  the  higher  ground.  Lower  down  the  valley  are  large  pits 
with  ereat  flints  and  pieces  of  ironstone,  while  still  lower  do\^n 
(276  ft.  O.D.)  at  Green  Street  Green  is  a  pit  20  feet  deep  of  a 
similar  characterf  which  has  yielded  Elephas  primigenius^  Blum., 
Rhinoceros,  Musk  Ox,  etc.  Further  west,  near  Hayes  Station  and 
on  the  left  of  the  road  leading  to  West  Wickham,  are  pits  in 
similar  gravel  11  ft.  thick.  It  is  an  ochreous  gravel,  containing 
large  flints,  some  but  little  worn,  flint  pebbles,  ironstone,  and  a 
good-sized  block  of  pebbly  conglomerate. 

(b)  The  Wandle  Valley. 

Dr.  Hinde**  has  recently  published  an  account  of  the  gravels 
of  this  valley.  They  all  belong  to  the  series  we  are  now 
considering.  Flint  implements  occur  in  the  neighbourhood  of 
Thornton  Heath.ft  Near  Upper  Warlingham  Station  are  large 
pits,  from  which  I  was  shown  a  tooth  of  Elephas  obtained  at  a 
depth  of  12  ft.  The  gravel  consists  almost  entirely  of  flint, 
with  small  pieces  of  ironstone,  but  I  saw  little  or  no  chert 
or  flint  pebbles.  Just  behind  a  farm,  near  the  old  bourne, 
^was  a  gravel  containing  flints  up  to  i  ft.  x  i  ft.,  marcasite 
nodules,  blocks  of  rolled  conglomerate  (2  ft.  x  i  ft.  9  in.)  and 

*  V^isited  by  the  AssociAtion  on  May  14,  1898. 

t  '*  Excursion  to  Bishop's  Storiford,"  and  also  "  The  GeoIog>*  of  the  Stort  V.illey, "  op  cit. 
X  Proc.  Gtol.  Assoc  ,  vol.  xii,  p.  3,  4. 

I  "  Excursion  to  North  Finchley  and   Whetstone,"  by  Dr.  Hicks,  Proc.  Geo/.  Assoc., 
vol.  xiii,  p.  367. 

li  Proc.  Geol.  Assoc.^  vol.  xii,  pp.  316-319. 
H  *'  Excursion  to  Down,"  Pioc.  Geol.  Assoc.,  vol.  xii,  p.  393 
••  Op,  cit. 
ft  I  obtained  one  fine  specimen  nearly  8  in.  long. 


276  A.    E.    SALTER   ON   PEBBLY   AND   OTHER 

small  Tertiary  flint  pebbles.     Quite  recently  Rhinoceros  antiqui- 
tatis^  Blum.,  and  Elephas  have  been  obtained  near  Carshalton.* 

(c)  Bagshot  Country.     Prof.  Rupert  Jones  long  ago  t  recog- 
nised that  three  distinct  ledges  or  benches  of  gravel   occurred 
between  the  Chobham  ridges  and  the  Blackwater,  and  Mr.  H.  W. 
Monckton,  in  the  section  he  draws  from  Farnham  Park  to  the 
River  Blackwater,  J  recognises  three  series  of  gravel  de[X)sits  below 
the  Hartford  Bridge  Flats  gravels,  and  again,  on  the  East  side  of 
the  Chobham  ridges  in  his  section  from  them  to  the  Hale  Bourne, 
two  deposits  at  200-224  ft.  O.D.§  and  102  ft.  O.D.  are  recognised. 
In  a  paper  by  the  same  author  on  the  Farnham  district||  a  section 
is  given  from  Upper  Hale  to  Wrecklesham,  where  three  divisions 
below  the  Lower  Plateau  Gravels  are  apparent.     The  highest  of 
these,  viz.,  that  at    Wrecklesham  360-380  ft.    O.D.  and    25  ft 
thick,  is  extremely  interesting  as  being  the  patch   from   which 
Mr.  Mangles  and  Mr.  F.  LashamU  obtained  such  a  large  number 
( f  Palaeolithic  implements,  the  majority  of  which,  it  should  be 
noted,  come  from  near  the  bottom  of  the  gravel.     The  direction, 
N.W.  to  S.E.,  height,  composition,  and  stratified  character  of  this 
deposit,  mark  it  as  having  been  deposited  by  the  Bagshot  stream 
after  the  deposition  of  the  Hartford  Bridge  Flats  gravels. 

Dr.  Hicks  recently  referred  to  the  finding  of  remains  of 
Elephas  primigenius  and  Rhinoceros  resting  on  the  London  Clay 
between  Hendon  and  Edgware,**  and,  again.  Mammoth,  etc.,  at 
80  ft.  O.D.  at  Endsleigh  Street, tt  London. 

Further  down  the  main  stream  the  classical  deposits  at  Cray- 
ford  and  Ilford  might  be  cited,  together  with  the  remarkable  dis- 
covery of  human  bones  and  implements  made  by  Mr.  Elliott  at 
Galley  Hill.JJ 

HANTS     AND     DORSET. 

Corresponding  to  the  synclinal  fold  known  as  the  London 
Basin,  the  gravels  of  which  we  have  just  considered,  there  is  in 
the  South  of  England  another  and  roughly  parallel  example,  due 
probably  to  the  same  series  of  earth  movements,  running  from 
the  neighbourhood  of  Dorchester  to  Brading  in  the  Isle  of" 
Wight.     The  river  Frome  drains  the  upper  portion  of  the  valley 

•  Cf.  W.  W.  Walts  at  Meeting  of  the  Geological  Society,  November  3rd,  1897,   Qmrnrf^ 
Journ.  Geol.  Soc  ,  vol  Iv,  p   ii 

t  Proc.  Geoi.  Assoc. ^  vol   viii,  p.  ^42.  and  vol.  vi,  pp.  329  and  429. 
1  Quatt.  Journ.  Geol  Soc.,  vol.  xlviii,  p   31. 

§  The  large  spread  of  gravel  at  Walton  Common  at  100  ft.  O.D  and  145  ft.  below  St- 
(Jeorge's  Hill,  probably  should  be  placed  here.  C/".  W.  H.  Hudleston  Quart,  Journ,  Ge^'* 
Soc,  vol.  xlii.  p.  147  et  srq. 

I  Proc  Geol.  As*oc.,  vol.  xiii.  pp.  74-81. 

•"  Cf.  **  Palieolithic  Man  in  West  Surrey,  '  by  F.  Lasham,  in  Co//.  Surrty  Arch.  Soc- 
•*  See  Quarf.  Journ.  Geol.  Soc.,  vol.  liv,  p   ii. 

ft  "  On  the  discovery  of  Mammoth  and  othor  remains  in  Endsleigh  Street,"  etc.,  Qumrt. 
Journ.  Geol.  Soc,  vol.  xlviii,  p.  45^. 
tX  See  Proc.  Geo/.  Assoc,  vol.  xiv,  p.  305,  and  Quart.  Journ.  Geo/.  Soc.,  vol.  Ii,  p.  72. 
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thus  formed,  the  lower  portion  having  been  denuded  by  the 
sea.* 

The  gravels  of  this  area  are  as  follows  : 

1.  High  Level  or  Early  Drifts  occur: 

(a)  In  the  Isle  of  Wight,  on  St.  Boniface  Down,  St.  Cathe- 
rine's Hill,  and  other  places,  an  angular  flint  drift  is  found.  In  a 
tew  places  Tertiary  flint  pebbles  and  quartz  can  be  obtained.f 

(/')  On  the  water-parting  between  the  Thames  and  the  streams 
flowing  into  Southampton  Water,  at  Meadstead,  650  ft.  O.D. 
Mr.  S.  V.  Wood  records  a  drift  20  ft.  deep,  consisting  of  large 
water-worn  flints  mixed  with  loam. J 

(c)  On  the  highest  points  of  the  hills  overlooking  Weymouth 

and  at  Portisham  on  Blackdown,  there  is  a  good  section  close 

to  Hardy's  Monument,  777   ft.  O.D.     Like  the  two  previous 

examples,   it    is    on     the    watershed     of    the     Frome.      The 

deposit  is   from    15ft.    to   20  ft.    thick,   and   contains,   among 

others,     the     following  :     well     rolled    Chalk    flints,    Tertiary 

pebbles,    white    and    pink    quartz    pebbles    up    to    2    in.    x 

1 1  in.  (abundant)   jasper  (comparatively  plentiful),  porous  chert, 

dark  cbert,  pieces  of  schorl-rock,  fragments  of  reddish,   glassy 

quartzites,  etc.      Mr.  Clement  Reid  §  regards  these  as  of  Bagshoc 

age,  coupling  with  them  some  lower  sands  and  gravels  146  ft. 

O.D.  at  Souih  Moreton,  about  12  miles  N.E.     The  similarity  in 

composition  between  these  gravels  and  others  to  the  west,  leads 

me  rather  to  regard  them  as   belonging  to  a  previous  cycle  of 

river  action,  and  to  have  been   derived  from  a  source  further 

west. 

2.  Lower  Plateau  Drifts. 

Both  in  Hampshire  and  the  Isle  of  Wight  a  distinct  series  of 
gravels,  similar  to  those  in  the  Thames  basin,  are  found  slopii  ^^ 
on  either  side  toward  the  main  channel.||  They  consist  chiefly 
of  flint,  both  unworn,  subangular,  and  as  pebbles,  Greensana- 
chert,  ironstone,  quartz  pebbles,  and  blocks  of  greywether  sand- 
stone, a  very  similar  mixture  to  that  of  the  Thames  area. 

Two  stages  appear  to  exist  in  the  high  ground  bordering  the 
Test  valley  and  Southampton  Water,  which  district  has  come  more 
paiticularly  under  my  observation.  In  the  neighbourhood  or 
Romsey  the  Plateau  gravels  are  found  at  heights  between  300  and 
242   ft.  at   the  Tower    of  Winds,   Chilworth,  where   they    are 

*  See  **On  the  Physical  History  of  the  Isle  of  Purbeck,*'  by  A.  Strahan,  Proc.  Geol. 
Assoc.t  vol.  xiv,  p.  403. 

t  Mem.  Geol.  Sufvey^  "The  Isle  of  Wight,"  2nd  edition,  p.  208,  etc. 

J  "The  newer  Pliocene  in  England,"  by  S.  V.  Wood,  Quart.  Joum.  Geol.  Soc.,  vol. 
xxxviii,  p.  667. 

§  *•  1  he  Kocene  deposits  of  Dorset,"  Quart.  Journ.  Geol.  Soc.,  vol.  Hi,  1896. 

l;  For  full  descriptions  see  *'  On  the  superficial  deposits  of  the  South  of  Hampshire  and  the 
Isle  of  Wight,"  by  T.  Codrington,  Esq.,  Quart,  journ.  Geol.  Soc.,\o\.  xxvi,  p.  528,  and 
A,emoir  Geol.  Survey. 
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contorted,*  and  near  Shootash  and  Embly.  Park.t*  At  Baddesley 
Common  is  a  bed  of  gravel  148  ft.  O.D.,  and  along  the  edge  of 
the  valley  at  heights  above  100  ft.  O.D.  similar  deposits  occur  at 
Green  Hill,  Pauncefoot  Hill,  160  ft.,  Winchester  Hill,  Ganger 
Wood,  etc.  Two  stages  are  thus  apparently  present  as  in  the 
Bagshot  area,  with  a  difference  of  level  of  over  100  ft.  The  same 
thing  occurs  lower  down  the  valley,  on  the  hills  on  both  sides  of 
Southampton  Water,  ac  Beaulieu  Heath  133  ft.,  and  Titchfield 
Common,  about  the  same  height.  J 

No  Palseolithic  implements,  or  remains  of  large  mammals,  as 
far  as  I  know,  have  ever  been  found  in  these  deposits.  Plateau 
gravels  of  a  similar  nature  are  recorded  from  the  high  ground 
above  the  Avon  ;  these  attain  their  greatest  elevation  at  Down- 
ton  Common,  420  fr.  O.D. 

At  Cams'  Wood,  near  the  Nelson  Monument,  Portsdown 
Hill,  100  ft.  O.D.,  and  near  Cowies  130  f t ,  which  would  be  on  or 
near  the  main  stream  at  this  period,  large  liver-coloured  quartzites, 
from  the  New  Red  Conglomerates  of  the  Wes-t,  have  been  found.^ 
The  cliffs  between  Lymington  and  Chrisichurch  and  again  from 
Hengistbury  Head  towards  Bournemouth,  are  capped  with  an 
ochreous  flint  gravel  with  little  or  no  quariz.  These  are  suc- 
ceeded by  gravel  of  a  totally  different  character,  containing  besides 
flint,  much  quartz,  chert,  and  schorl  rock. ||  Similar  deposits  are 
also  recorded  on  the  road  between  Bournemouth  and  Poole  at 
160  ft.  Some  of  these  contain  implements  and  belong  to  the 
series  to  be  next  described,  others  may  be  ihe  souihern  prolonga- 
tions of  the  Plateau  gravels.  The  gravels  at  Bournemouth  are 
evidently  made  up  of  the  redeposited  materials  from  the  Black- 
down  (Hardy's  Monument)  High  Level  Drift,  laid  down  by  the 
old  Frome,  at  its  junction  with  the  Glacial  stream  from  the 
North.^  We  have  here  in  fact  the  counterpart  of  the  junction 
of  the  Bagshot  stream  with  that  from  the  Upper  Thames,  bearing 
the  northern  drift  of  Triassic  and  other  debris^  and  there  can  be 
little  doubt  that  the  climatal  conditions  necessary  for  the  one 
were  present  when  the  other  was  deposited.** 

It  is  interesting  to  note  that  at  a  corresponding  level  (about 
350  ft.  O.D.)  on  a  ridge  forming  the  high  ground  between  two 

•  C/.  Dunton  Green  and  Chevening  Gravels  in  the  Darent  Valley,  and  St.  Gteorge's  Hill, 
near  Wcybridgc. 

t  At  Alderbury  Hill,  3  miles  E.  of  Salisbur>',  a  similar  flint  gravel  with  small  quartz 
pebbles  is  found  at  300  ft,  O.D. 

X  See  also  **On  the  presence  of  Raised  Beach  on  Portsdown  Hill,"  by  Prof.  Prestwich, 
Quart.  Joum.  GcoL  Soc.,  vol.  xxviii,  p  38,  and  "  Geoloey  of  Portsmouth  and  Ryde,"  by  C 
Evans,  Proc.  GcoL  A%ioc.y  vol.  ii,  p.  170,  where  similar  gravels  arc  described  at  Bourne 
Common  142  ft  O.D. 

§  Prof.  Prestwich  also  descril>cs  in  his  paper  on  the  Souihern  Drift,  a  drift  on  a 
Tertiary  outlier  at  Copford  (?  Codfonl),  8  miles  E.  of  Warminster,  which  contains  Tertiary 
pebbles,  white  and  rose  quartz,  light  sandstone,  dark  chert,  and  lydian  stone  pebbles. 

II  See  Quart.  Journ.  CeoL  Soc  ,  vol.  xxxviii,  p   4,  for  a  section  showing  these  gravels. 

T  It  is  worthy  of  notice  that  the  valley  of  the  Avon  is  connected  with  a  gap  in  the  North 
which  is  364  ft.  O.D.  at  its  highest  point  near  Etchelhampton  Hill.     C/.  Mr.  W.  H.  Bell's 
remarks,  /'foc.  Geo/  Assoc.,  vol.  xii,  p.  324. 
•*  See  Sir  Charles  Lyell's  remarks  on  T.  Codrington's  paper,  «/  ct't. 
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recent  valleys*  and  about  90  fr.  above  the  present  stream,  occurs 
the  remarkable  and  unique  deposit  at  Dewlish^f  in  which  remains 
of  Elephas  mendionaliSy  Nesti,  were  found  associated  with  flint, 
quartz,  and  Palaeozoic  (?  schorl)  pebbles.  The  occurrence  of  this 
Upper  Pliocene  fossil  seems  to  indicate  that  the  period  immediately 
preceding  the  Lower  Plateau  drifts  may  have  been  Upper  Pliocene. 

3.  The  River  Drifts. 

With  the  exception  of  Elephas  meridionaiis,  no  remains  of 
mainmals  have  been  found  in  the  High  Level  gravels  of  this 
valley ;  but  in  the  lower  deposits  both  implements^  and  bones 
are  met  with.  In  general  three  terraces  are  evident,  as  in  the 
Thames  Basin. 

The  upper  part  of  the  Test  Valley  does  not  contain  much 
gravel ;  but  after  its  junction  with  the  Anton,  near  Dunbridge, 
there  is  plenty  ;  and  along  the  last-named  river  many  patches 
occur.  §  At  Belbins,  about  two  miles  from  Romsey  and 
90  ft.  O.D.,  is  a  thick  gravel  patch  in  which  Palaeolithic  imple- 
ments occur.  Similar  gravel  occurs  at  Nursling  and  below  the 
junction  of  the  Itchen  and  Test.  On  the  east  side  of  South- 
ampton Water,  by  Netley,  Hill  Head,  and  at  Lee-on-the-Solent, 
thick  beds  of  gravel,  containing  implements  overlain  by  brick- 
earth,  are  seen.  Sarsens||  are  frequently  found  in  these  river 
gravels,  especially  at  Lee-on-the-Solent.  Tiie  Bembridgell  gravels, 
which  occur  between  H.W.M.  and  60  ft.  O.D.  on  the  Isle  of 
Wight,  correspond  in  level  and  composition  to  them,  and  were,  I 
think,  laid  down  at  the  same  time.  If  this  be  the  case,  it  signifies 
that  the  Frome  still  continued  its  course  uninterrupted  beyond  the 
Solent  towards  what  is  now  Selsea  Bill,  which  was  then  probably 
near  its  mouth.  It  is  here  that  those  interesting  deposits  of 
Elephas,**  etc.,  in  association  with  southern  shells  occur,  as 
described  by  C.  Reid,tt  Godwin  Austen,  and  others.  XX 

At  about  146  ft.  O.D.  near  South  Moreton,  8  miles  east  of 

•  The  Chalk  down  to  the  N.  of  DewHsh  can  be  crossed  at  356  ft.  O.D.  This  probably 
indicates  that  a  stream  passed  from  N.  to  S.  during  this  period. 

t  Cf.  ••Pliocene  Deposits  of  Grc.it  Britain,"  by  C.  Reid,  Metn.  GeoL  Sun>ey,  1890, 
pp.2  aci6-ao8 ;  see  also  W.  H.  Hudleston's  remarks  in  his  Presidential  addrcs>  to  the 
G'K>logical  Society,  1893,  vol.  xlix,  p.  67  et.  seg.  Note  Mr.  Mansel  Pleydell's  letter  there 
quoted. 

X  Cf.  "  Flint  Implements  of  the  Hants  Basin,"  Sir  T.  Evans,  Quari.Joum.  Gcol.  Soc., 
vol.  XX,  p.  188;  also  his  Presidential  address  to  the  Geological  Society,  Quart.  J  out  n.Ceol. 
Soc.,  vol.  xxxi,  p.  Ixxi. 

§"  **On  the  Discover>'of  Flint  Implements  in  the  Drift  of  Milford  Hill,  Salisbur>',''  by 
H  F.  Blackmore,  Quart.  Journ,  Geol.  .Soc.,  vol.  xxi,  pp.  250-252.  See  aKo  Quart.Joum. 
Geai.  »S«:.,  vol.  xxviii,  p   3S,  and  T.  Codringlon's  paper  previously  quoted. 

I|  Cf.  Geot.  Mag.,  vol.  iii,  p.  296. 

^  Quart.Joum.  Geol.  Soc.,  vol.  xii.  p.  1^6.  ;»nd  vol.  xv,  p.  215  ;  Proc.  Gcoi.  Assoc.,  vol.  ii, 
p.  170,  in  which  Caleb  Evans  mentions  similar  gravels  at  St.  Helens,  King's  Quay,  and 
£.  ofKyde. 

••  An  interesting  comparison  suGigests  itself  between  these  deposits  and  those  of  the  Lower 
Thames  Valley. 

ft  "The  Pleistocene  Deposits  of  the  Sussex  Coast  and  their  Equivalents  in  other  Districts," 
Qu€u^.  Journ.  Geoi.Soc.,  vol.  xlviii,  p.  344. 

XX  *'  On  the  Newer  Tertiarics  of  the  Sussex  Coast,'  Quart.  Jouni.  Geol.  Soc.,  vol.  xiii, 
p.  40,  etc  ;  see  also  **  A  Fossillifcrous  Pleistocene  Deposit  at  Stone,  on  the  Hampshire 
Coast,"  by  C.  Keid,  Quart.Joum.  Geol.  .Soc.,  vol.  xlix,  p.  325. 
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Dorchester,  and  about  60  ft.  above  the  present  river,  occurs  a 
patch  of  sand  with  gravel  seams,  differing  in  many  respects  from 
those  of  the  Bagshot  strata  found  in  that  district.  Mr.  C.  Reid 
classes  it  with  the  Bagshot,  and  considers  it  to  be  of  the  same  age 
as  the  gravel  at  Hardy's  Monument,  777  ft.  O.D.  Overlying  tlie 
sand  is  a  gravel  deposit  made  up  of  flint,  mostly  subangular, 
a  few  Tertiary  pebbles,  some  2  in.  but  mostly  small,  small 
pieces  of  schorl-rock,  Purbeck  marble,  and  quartz  up  to  2  in.  It 
rests  unevenly  upon  the  sands,  apparently  in  a  channel,  is 
covered  by  a  brick-earth  in  one  part,  and  appears  to  be 
a  low-lying  drift  deposit  of  Pleistocene  age  derived  from  the 
Bagshot  gravels  and  the  High  Level  Drift  .on  Biackdown. 

Prof.  Prestwich  •  has  recorded  Mammoth  and  other  remains 
from  Portland,  400  ft,t  and  Encombe  Park,  240  ft,  on  the  Isle 
of  Purbeck.  Drift  gravels  also  occur  on  the  hills  above  Porrisham, 
near  the  Hellstone,  about  600  ft.  O.D.,  and  at  lower  levels  300, 
150,  and  70  ft,  near  Weymouth,  pointing  to  another  valley 
s)stem  now  almost  entirely  swept  away. 

It  appears  that  the  valley  of  the  Frome  has  had  a  similar 
history  to  that  of  the  Thames,  allowance  being  made  for  greater 
denudation. 

4.     WEST    DORSET    AND    DEVON. 

(a)  High  Level  or  Early  Drifts. 

(i.)  The  drift  at  Hardy's  Monument  on  the  watershed  already 
referred  to. 

(ii.)  The  drift  on  the  Haldon  Hills.  J     This  is  on  the  western 
side  of  the  series  of  valleys  now  under  consideration.     It  is  over" 
800   ft.   O.IX,   and    while    its    composition,    closely    resembles 
that    near    Hardy  s     Monument    (777    ft.   O.D.),    the    Haldom 
deposit  differs  in  some  respects.     It  appears  to  have  been  de- 
posited   by   separate   streams    draining   neighbouring    areas    of 
Dartmoor,    rather    than    by    parts    of    the   same  stream.     The 
two  deposits  are  about  45  miles  apart.     Judging  from  the  slope 
and  the  nature  of  the  materials,  the  Haldon  gravels  would  appear 
10  have  been  deposited  by  a  stream  flowing  south,  and  those  on 
Hardy's  Monument   by  one  flowing  west.     Good  sections  are  to 
be  seen  on  Great   Haldon,  near  the  Race  Course,  about  7  miles 
trom  E-xeier,  where  there  are  exttnsive  workings  on   the  upper 

•  Th*    Kj.L^?  rtfji..h<x  ard  HtJivi    or   Rubbl«  Drift  in  ibe  Scotb  of  Engbnd.  tbcir 

r«:Aiivn   :v>  :b<  v-l::«>   Jtit:>.  etc..     Prvr  Pr«>twxch.  \^''»urt.  /tmrM.  O^/.  Smc^^A    xhrnL, 

♦  •  N\  t<>.  .!•  tb<  pf.<xn!<::a  ot  :b«  v^jtrrtuinf  PrrtcU  in  the  Isle  of  PottU*^."  (}mmrt. 
'.ru'n.  I.-.'.  ^w\.,  \<.;.  \\\u  p  .-v;.  etc.  .  ><«  jl1>o*7^  P^rrurt  .V^mrm/  Htit^ry  mmm  Auti- 
/^^u»•■l»•»  C\  •f'' /■'».' A/''?*,  ^ci     \>l.  p.  7c. 

*  ».  ■  <.*(,'..  J' u^  .  ^v^i  i^  P  ^i^^  '■''  ^'/  •  '■  Riii^ay  G<ok?|py  from  Exeter  to  Newton 
Hu^tr:.  a  o  M.riit^tT  H.ui.'p>tcju.'.^ -v  l>  .VI  jcki-u  ^  Ue  also '*  Eo»:ene  B^xis  of  Derooand 
lVtN<t.     .\  C  Kfo.  r'-tx-.  ». M,vi    ..vi..  Noi.  li^,  p.  71. 
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slopes  and  summit  of  the  ridge.  The  gravel  consists  chiefly  of 
flint  up  to  2  by  I  in.,  some  angular,  some  partially  or  completely 
rounded.  No  Tertiary  pebbles  or  jasper  were  seen,  but 
numerous  blocks  of  granite,  up  to  12  by  6  in.,  containing  much 
schorl ;  pieces  of  dark  schorl-rock,  up  to  9  by  6  in ;  quartz,  up 
to  6  by  3  in.,  and  many  other  kinds  of  rock.  The  larger  trans- 
ported blocks  came  from  the  top  pits,  in  the  lower  pits  they  were 
fewer  and  smaller. 

On  Little  Haldon,  5  miles  south  of  the  preceding  sections, 
the  gravel  is  about  6  ft.  deep  in  the  pits  examined ;  blocks  and 
fragments  of  angular  flint,  up  to  24  by  12  by  3  in.,  made  up  the 
greater  portion.  I  saw  no  Tertiary  flint  pebbles,  or  chert,  but 
there  was  plenty  of  quartz  up  to  2 1  in.  Some  of  the  flints  were 
partly  rolled.  Numerous  pebbles  of  granite,  up  to  5  by  4  by  3  in., 
and  schorl-rock,  up  to  5  by  4  in.,  were  seen,  and  one  fairly  large 
piece  of  jasper.  In  one  pit,  near  the  base,  a  patch  of  white 
pipe  clay  was  seen,  and  sandy  patches  occurred  in  the  gravel. 

(iii.)  The  Blackdowns  are  capped  by  a  chert  drift  containing 
small  pieces  of  quartz  lying  on  the  Greensand.  A  section  at  the 
top  near  the  Wellington  Monument,  892  ft.  O.D.,  and  Hemyock 
showed  2  to  3  ft.  of  chert  drift  in  an  earthy  matrix.* 

ip)  Lower  Level  Plateau  Gravels. 

(i.)  Between  the  valleys  of  the  Brit  and  the  Axe,  on  the 
hills  between  Charmouth  and  Axminster,  and  near  Lyme  Regis,  is 
a  drift  at  about  500  ft.  O.D.,  consisting  of  chert  and  flint  in  an 
ochreous  clayey  matrix.  Sections  can  be  seen  near  the  tunnel  at 
the  lop  of  the  hill,  through  which  the  road  from  Charmouth  to 
Axminster  is  made.  In  places  the  gravel  was  very  irregularly 
deposited,  and  contained  dark  greenish,  sandy,  clay  patches. 
Other  sections  occur  nearer  Axminster,  in  one  of  which,  blocks 
2  by  I  ft.  were  observed.  Its  position  on  the  watershed  of  two 
recent  valleys,  and  opposite  the  Chard  Gap,  its  composition  and 
its  height,  500  ft.  O  D.,  all  seem  to  point  to  its  being  a  Lower 
Plateau  gravel,  which  formerly  may  have  extended  much  further 
south,  since  it  caps  the  hills  on  the  sea-shore. 

On  the  slopes  of  Shute  Hill  (567  ft.  O.D.)  above  Kilmington 
on  the  right  hank  of  the  Exe,  similar  flint  and  chert  drift  in  a 
clayey  matrix  was  observed. 

(ii.)  On  the  high  ground  west  of  the  Otter  above  Fairmile, 
388  ft.  O.D.  near  Sidmouth  Junction,  a  drift  occurs,  full  of 
erratics,  derived  probably  from  New  Red  Sandstone  Conglomerate, 
and  further  south,  at  the  top  of  the  hill  between  Exmouth 
and  Budleigh  Salterton,  is  a  large  deposit  of  drift  material  20  ft. 
thick  containing  an  abundance  ot  red  quartzite  pebbles,  and  blocks 

•  For  other  gravel  deposits  !*ee  "  The  Drift  of  Cornwall  and  Devon,  its  Oriein,  etc.,"  by 
T.  Belt,  Quart.  Joum.  iieol.  Sac.,  vol.  xxxii,  p.  80;  *'  Notes  on  the  Geology  of  the 
Valley  of  ihe  Upper  part  of  the  Teign  and  its  Feeders,"  by  (i.  W.  Ormeiod,  Quart.  Joum. 
Gtci.  Soc.f  vol.  xxiii,  p.  423. 
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up  to  12  in.  long.  Quartz  pebbles  are  plentiful,  but  I  saw  no 
flint. 

(iii.)  On  the  western  side  of  the  Exe,  at  Woolborough  Hill,* 
south  of  Newton  Abbot  and  Milber  Down,  is  a  drift  derived, 
in  part,  from  the  Haldons.  Pieces  of  rolled  schorl-rock  and 
small  quartz  occur,  also  large  flints  which  are  more  rounded  than 
those  on  the  Haldons. 

The  drift  between  Charmouth  and  Axminster  is  directly  south 
of  the  gap  at  Chard,  and  is  made  up  01  the  sweepings  of  the 
upper  Plateau  drift  on  the  Greensand  at  Blackdown.  The  drifts 
on  the  east  side  of  the  Exe  are  also  directly  opposite  open  com- 
munication to  the  north  via  the  Culm  Valley,  and  the  low  pass 
west  of  the  Blackdowns.  The  position  of  these  deposits,  there- 
fore, seems  to  have  been  determined  by  a  strong  current  or 
stream  from  the  North.  The  Woolborough  gravels  appear  to 
denote  a  similar  stage  in  the  history  of  the  Teign  Valley,  which 
has  been  formed  between  the  Haldons  and  Dartmoor,  since  the 
deposition  of  the  High-level  drift  upon  them.f 

(3)  River  Deposits. 

(i.)  The  valley  of  the  Exe  above  Chard  Junction  is  com- 
paratively free  from  drift,  containing  even  local  material.  From 
this  point  however,  and  at  levels  of  about  150  ft.  O.D. 
much  drift  gravel  is  found.  At  Broom  Ballast  Pit  it  is  very 
extensive,  and  over  30  ft.  thick,  and  is  made  up  of  the  debris  of 
the  High  and  Lower  Level  Plateau  drifts,  such  as  chert,  flint, 
quartz,  and  schorl-rock  pebbles.  It  is  regularly  stratified  in 
places,  has  sandy  or  clayey  partings  here  and  there,  and  i 
covered  by  patches  of  a  brick- earth  deposit.  Roughly  shape 
chert  implements  are  abundant,  mostly  in  the  bottom  layers. 

At  Chard  Junction  Station,  G.W.R.,   is  an  old  section  of 
similar   gravel.      Nearer   Axminster   a   deposit   occurs,    contain 
ing  worked  flints.     Twelve  feet  of  this  gravel  was  being  worked,^, 
but  there  is  more  below.     Near  the  top  were  some  sandy  layers^ 
On  the  opposite  side  of  the  Axe  valley  at  Kilmington,  it  again^ 
occurs  and  is  well  seen  in  a  roadside  section,  16  ft.   deep,  having" 
patches  of  sand  in  places.     Rudely  chipped  cherts  also  occur 
here,  large   blocks   of  chert  up  to    10  X  8  in.  schorl- rock,  etc* 
Another  section  occurs  near  Colyton  Station  at  100  ft.  O.D. 

In  the  lower  part  of  the  Otter  Valley  at  Fairmile,  164  ft.  O.D., 
at  the  back  of  an  inn,  is  a  fine  section  in  a  drift  derived  presum- 
ably from  the  New  Red  Sandstone  Conglomerates.  It  is  about 
30  ft.  deep,  and  contains  a  very  varied  assemblage  of  rocks. 
Quartz  and  quartzite  are  plentiful,  also  pebbles  of  a  dark  kind  of 
rock.     The  boulders  vary  in  size  up  to  2  ft.  long. 

•  Cf.  "  Notes  on  the  gravels,  sands  .ind  other  superficial  deposits  in  the  neighbourhood  of 
Newton  Abbot,  Devonshire"  by  H.  B.  WoodwanJ,  Quart,  Joum.Geol,  Sac.,  vol.  xxxii. 
p.  2.10 

t  For  further  interesting  remarks  on  this  district,  .see  "  On  the  Bovcy  deposit,"  by  J.  H. 
Key,  Quart  fourn   GcoL  Sac.,  vol.  xviii,  p.  9. 
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Lower  down  the  same  valley,  about  half  a  mile  from  Budleigh 
towards  Salterton,  on  the  right  of  the  road,  is  a  similar  gravel  to 
that  at  Fairmile,  184  ft.  QD.  It  is  about  8  ft.  deep,  with 
quartzites  to  1 2  x  9  in. ;  black  veined  stones,  quartz,  chert,  flint, 
etc.  In  the  Culm  Valley  close  to  Tiverton  Junction  Station  is  a 
very  similar  deposit.*  Mr.  Godwin  Austen  statesf  that  remains 
of  ElephaSy  etc.,  are  found  in  the  valleys  leadhig  out  from 
Charmouth  Bay  and  from  theExe  and  the  Brit.  J 

Between  Kingskerswell  and  Newton  Abbot,  at  lower  levels  than 
the  gravels  on  Woolborough  Hill,  are  extensive  deposits  of  gravel 
(in  one  place  45  ft.  deep)  derived  from  the  higher  drifts,  etc. 

At  Bovey  Heathfield,  overlying  the  pipe-clay  deposit  contain- 
ing beds  of  lignite,  a  gravel  6 — 8  ft  deep  occurs,  of  a  rather  more 
complex  character  than  that  at  the  Haldons.  Quartz  fragments 
up  to  3I  in.  were  seen,  and  numerous  granite  pebbles  up  to  5  in. 
long,  together  with  many  pieces  of  schorl-rock,  but  no  flint.§ 

The  three  stages  observed  in  the  Frome  Valley  are  present  in 
this  series  of  valleys,  and  the  greater  thickness  of  the  River 
Drift  gravels  tells  of  greater  denudation  as  we  proceed  west- 
ward. 

WEST  DEVON  AND  CORNWALL. 

Further  west  the  character  of  the  country  changes  entirely. 
Evidence  of  glacial  action,  ||  more  or  less  reliable,  has  been  cited 
by  various  authors,  and  deposits  of  gravel  have  been  noticed 
up  to  900  ft.,  O.D.  I  saw  very  little  drift  to  the  south  be- 
tween Newton  Abbot  and  Plymouth.  At  Brent  Tor,  on  the 
western  bide,  blocks  of  jasper  were  formerly  plentiful,  but  on  the 
occasion  of  my  visit,  I  could  only  find  fragments  built  into 
garden  walls.  This  fact  is  mentioned  owing  to  the  presence  of 
rolled  pebbles  of  that  substance  further  east.  The  Tamar  flows 
at  low  levels,  dividing  the  high  ground  around  Dartmoor  from 
that  around  the  Bodmin  moors.  It  is  possible  to  cross  the 
country  here  along  the  valley  of  the  Tamar  and  the  Bude  Canal 
without  rising  more  than  about  322  ft.  O.D.  This  would  lead  us 
to  suspect  that,  formerly,  a  stream  drained  the  west  of  Dartmoor,  and 
to  this  stream  is  probably  due  the  quartz  gravel  described  as  occur- 
ring at  the  Hoe,  Plymouth,^  and  at  Cattedown,  60  to  70  ft.  O.D.** 

•  Cf.  Trans.  Devon  Aisoc,^  vol.  xv,  p.  346. 

t  op.  cit. 

X  See  also   **  The  Chronological   value    of  the   Pleistocene    Deposits   of  Devon,"   by 
W.  Ussher,  Qttart.Joum.  Geol.  Soc.^  1877. 

§  For  %itcC\ox\y^^Quart.J<ntrti.  Geol.  Soc  ,  vol.  xviii,  p.  9. 

j]  "  Glaciation  in  Devon  and  its  Borders,"  J.  B.  Jukes,  Geo/.  Mag.^  vol.  ii,  p.  473  ;  Trans, 
Devon  Assoc.,  vol.  ix,  pp.  T77,  230.     See  also  vol.  viii,  p.  48,  et  Uq.^  and  vol.  xii,  pp.  301-in. 

•■  Trans.  Royai  Geol.  Soc.  of  Cornwall,  vol.  xi,  p.  151.  "  Some  detriial  deposits  associated 
with  the  Plymouth  Limestone, '  by  R.  N,  Worth  ;  and  Trans.  Devon  Assoc  ,  vol.  xxi,  p.  97, 
and  vol.  vii,  p.  250 

••  "  Evidence  of  Glacial  .\ction  in  Cornwall,"  by  N.  Whitley.  Trans.  Royal  Geol.  Soc. 
of  CornwalLvoX.  x,  p.  132  ;_  "The  Post  Tertiary  jGcology  of  Cornwall,"  by  W.  Ussher, 
1879;  "Glacial  conditions  in  Devon,"  by  R.  N.  Worth,  Trans.  Devon  Assoc.,  vol.  xtii, 
P-35'- 
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The  deeply  cut  valleys  running  down  from  the  Bodmin  moors 
point  to  greater  denudation  than  can  be  seen  east  of  Dartmoor, 
and  the  almost  total  absence  of  high  level  gravels  in  Cornwall  is 
to  be  accounted  for  in  the  same  way.     The  agents  of  denudation 
seem  to  have  acted  on  the  country  to  such  an  extent  that  any 
such  drifts  must  have  been  carried  down  to  the  valleys,  or  even  to 
the  sea,  giving    rise  to  quite  a  different    series    of    deposits 
known  as    Raised   Beaches,  followed  by  a   "  Head "   of   local 
materials.     That  High  Level  Drifts  were  once  present  is  shown 
by  the    fact    that    two    or  three    deposits    remain.       On    the 
slopes  of  St.  Agnes'  Beacon,  at  300  ft.  O.D.,  are  to  be  seen  8  fr. 
of  loam  with  angular  blocks,  and  near  it  is  a  sand-pit  6  ft  deep, 
with  quartz-sand  and  angular  pieces  of  quartz. 

On  the  Crouza  Downs  in  the  Lizard  District,  near  Lanartb, 
close  to  the  road  running  north  to  Helstone  from  Coverack 
Cove,  at  360  ft.  O.D.,  is  an  extensive  deposit  of  quartz  gravel 
8  ft.  to  10  ft.  thick.  There  are  several  extensive  old  pits 
now  filled  with  water,  but  only  one  was  in  use.  The  con- 
tents were  mainly  quartz  fragments  in  an  ochreous,  sandy  matrix. 
Covering  the  gravel,  and  in  channels  cut  through  it,  was  a  more 
argillaceous  deposit  without  gravel.''^  A  flint  and  quartz  drift  also 
occurs  on  the  Scilly  Islands. f 

The  more  acute  denudation  which  has  become  apparent 
the  further  we  have  gone  west,  now  requires  explanation.  At 
the  present  time,  owing  to  the  prevailing  winds  from  the  S.W. 
being  laden  with  moisture,  the  rainfall  increases  towards  the  west. 
It  would  therefore  be  expected  that  if  similar  conditions  existed 
in  Cornwall  during  Glacial  times  we  should  have  greater  denuda- 
tion. The  scouring  action  brought  about  by  the  constant  forraa- 
ation  and  melting  of  ice  would  be  greatly  intensified  in  such  a 
district  as  Cornwall.  The  heights  of  the  deposits  at  St.  Agnes 
and  Crouza  Downs  show  that  the  gradual  upward  tendency  on 
the  east  of  Dartmoor  is  not  maintained  to  the  west  of  it,  but 
rather  indicate  a  slope  in  the  opposite  direction. 

The  order  of  deposition  seems  to  have  been  as  follows  : — 
{a)  High  Level  Drifts,  e,g.,  Crouza  Down. 

(d)  P'r^rmation  of  so-called  Raised  Beaches  arising  from  the 
destruction  of  the  High  Level  deposits. 

(c)  Formation  of  the  "  Head."  the  conditions  becoming  so 
acute  that  when  all  the  superficial  deposits  had  gone,  the  solid 
rock  was  broken  up  and  carried  down. 

(d)  Deposition  of  Stream-Tin  Gravels  containing  remains  of 
mammals.  J 

•  W.  Tyack,  Trans.  Royal  Geoi.  Soc.  Corniwiii^  vol.  ix,  p.  177. 

f  Trans.  Royal  Geol.  Soc.  Comf*'all^  vol.  vii  ,  p.  343,  "  On  the  Chalk  Aims  and  Green 
sand  fragmeiitH  found  on  the  Castle  Down,  Trestco,  one  of  the  Islands  of  ScUIy." 
X  Trans.  Royal  Geol.  Soc.  Comtuall,  vol   iv,  pp.  55,  395. 
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In  (a)  we  still  have  the  representative  of  the  High  Level 
Plateau  Drifts  further  east. 

In  (^)  and  (c)  possibly  the  two  stages  noticed  in  the  Lower 
Plateau  or  Glacial  gravels,  while  (c)  corresponds  to  the  River 
Drifts. 

The  Westleton  Drift. 

Indications  of  streams  flowing  east  and  south  from  Dartmoor 
in  Pliocene  or  earlier  times  have  been  shown  to  exist,  but  nothing 
has  been  said  about  streams  flowing  in  a  northerly  or  north- 
easterly direction  during  that  period.  In  all  probability,  as 
stated  in  dealing  with  the  valley  systems  of  the  South  of  England, 
high  ground  once  existed  from  Dartmoor  to  what  is  now  the 
Norfolk  coast.  The  gaps  which  at  present  exist  were  then 
either  absent  or  trivial,  as  shown  by  the  altitudes  of  the 
various  gravel  beds  deposited  around  them  at  subsequent  periods. 
The  chief  gaps  occurring  W.  of  Goring  Gap,  are : 

(i)  The  Avon  Gap,  near  Etchelhampton  Hill,  is  364  ft.  O.D., 
with  associated  gravels  to  the  S.  of  it  over  400  ft.  O.D. 

(2)  The  Stour  and  Gale  Gap,  178  ft.  O.D.  Judging  from 
the  character  of  the  strata,  the  absence  of  gravels,  and  the  height 
at  which  mammalian  remains  occur  at  Blandford,  this  gap  may 
be  considered  to  be  of  recent  date.  The  absence  of  the  hard 
Chalk  has  led  to  rapid  denudation. 

(3)  Chard  Gap,  300  ft.  O.D.,  with  associated  drifts  to  the  S. 
500  It.  O.D. 

(4)  The  Culm  and  Spratford  Stream  Gap,  W.  of  the  Black- 
downs,  400  ft.  O.D.,  with  associated  drifts  to  the  S.  500  ft.  O.D. 

It  is  quite  possible  that  a  river  system  draining  this  high 
ground  existed,  in  other  words,  a  peneplain  was  probably  formed 
in  a  S.VV.  to  N.E.  direction.  Such  a  stream  from  its  southern 
tributaries  would  receive,  among  others,  the  following  materials, 
which  would  go  to  make  up  its  gravel  deposits  further  east : 

(i)  Quartz  pebbles  of  various  kinds,  as  found  on  the  Haldons 
and  at  Hardy's  Monument  ;  (2)  jasper  ;  (3)  schorl  rock  at 
Hardy's  Monument;  (4)  rolled  and  subangular  pieces  of  chert 
from  the  Greensand  hills  of  Dorset  and  Devon  which  supplied 
the  Blackdowns,  etc.  ;  (5)  red  quartzite  pebbles  from  the 
uppermost  beds  of  the  New  Red  Sandstone  Conglomerates , 
(6)  dedris  from  rocks  in  West  Devon,  such  as  radiolarian  chert, 
pebbles  with  crinoid  stems,  etc.,  etc. ;  (7)  dedn's  from  Tertiary 
strata  encountered  further  east. 

Now  these  actually  do  occur  in  the  Westleton  Drift,  and  can 
be  traced  right  away  to  the  Norfolk  Coast,  as  previously  shown.* 

In  the  Thames  Basin  these   materials  are  found  in  a  drift 
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vrhich  has  in  all  probability  come  through  thegaps  in  the  Chalk 
range.     It  has,  in  fact,  been  re-drifted  at  a  subsequent  period. 

Mr.  Osborne  White,  in  a  recent  communication  to  this  Asso- 
ciation,* was  able  to  follow  Prof.  Davis'  theory  in  all  but  one 
point.  The  Professor  required  for  the  full  development  of  his 
theory  a  peneplain,  such  as  I  have  above  indicated.  The 
Westleton  Drift  is  not  necessarily  of  marine  origin,  as  I  have 
previously  pointed  out.f  Its  contents,  its  position  and  its  age 
show  it  to  be  but  the  re-drifted  deposits  of  a  stream  running 
across  Central  England  in  Pliocene  or  earlier  times.  As  for 
as  I  know  at  present,  no  undisturbed  deposits  of  the  actual  stream 
have  been  found.  They  have  all  apparently  disappeared  during 
the  periods  of  acute  denudation  which  followed. 

In  conclusion  I  beg  to  thank  the  writers  of  the  numerous 
papers  quoted,  to  acknowledge  my  indebtedness  to  the  recently 
published  Index  to  vols,  i — 50  of  the  Quarterly  Journal  of  the 
Geological  Society ^  and  to  the  contoured  maps  issued  by  the 
Ordnance  Survey. 

•  op.  cii. 
t  Of:  cit. 


ORDINARY  MEETING. 

Friday,    4TH     March,     i8y8. 

J.  J.  H.  Teall,  M.A.,  F.R.S.,  President,  in  the  Chair. 

Mr.  A.  E.  Salter,  B.Sc,  F.G.S.,  read  a  paper,  entitled 
"Pebbly  and  other  Gravels  of  Southern  England,"  illustrated  by 
numerous  specimens,  maps,  and  sections. 

A  series  of  photographs  presented  by  Mr.  Thomas  Parker, 
C.E.,  F.G.S.,  of  Rockhampton,  Queensland,  were  exhibited, 
showing  the  workings  at  the  Mount  Morgan  Gold  Min 
Queensland. 

ORDINARY  MEETING. 
Friday,    ist    April,     1898. 

J.  J.  H.  Teall,  M.A.,  F.R.S.,  President,  in  the  Chair. 

Prof.  A.  M.  Edwards,  M.D.,  H.  Stanley  Jevons,  B.Sc, 
Charles  St.  Arnaud  Coles,  and  Miss  Margaret  li  Gardiner  were 
elected  Members  of  the  Association. 

Addresses  dealing  with  the  Excursion  Programme  for  1898 
were  delivered  by  H.  W.  Monckton,  F.L.S ,  F.G.S.,  the  Rev. 
Prof.  J.  F.  Blake,  M.A.,  F.G.S.,  Aubrey  Strahan,  M.A.,  F.G.S., 
and  W.  Whitaker,  F.R.S.,  Pres.  G.S.,  their  remarks  being 
illustrated  by  maps  and  sections. 
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VISIT  TO  THE  MUSEUM  OF  PRACTICAL  GEOLOGY 

JERMYN  STREET. 

Saturday,   March   5TH,    1898. 

Directors:  The  President,   F.  W.   Rudler,  and 

E.  T.  Newton,  F.R.S. 

(^Report  by  thi  DIRECTORS.) 

The  members,  to  the  number  of  more  than  fifty,  assembled  in  the 
Lecture  Theatre  at  three  p.m.,  and  were  received  by  the  President, 
who  made  a  few  introductory  remarks. 

Mr.  Rudler  briefly  described  the  arrangement  of  the  objects 
in  the  Hall,  and  in  the  principal  gallery  of  the  Museum.  The 
Hall  is  primarily  devoted  to  the  exhibition  of  specimens  illustrating 
the  application  of  the  rocks  of  the  British  Islands  to  purposes  of 
construction  and  decoration.  The  constructive  materials  are 
represented  by  several  hundred  six-inch  cubes  of  limestone,  sand- 
stone, and  other  building  stones,  many  of  which  were  collected  by 
the  Royal  Commission  appointed  in  1838,  to  select  the  stone  to  be 
used  in  the  erection  of  the  new  Houses  of  Parliament.  The  orna- 
mental stones  of  this  country  are  represented  by  a  large  series  of 
polished  cubes,  and  also  by  numerous  columns,  vases,  and  other 
decorative  objects.  Most  of  the  granites,  marbles,  serpentines,  and 
alabasters  of  Britain  receive  effective  illustration  in  this 
department. 

There  will  also  be  found  in  the  Hall  examples  of  various  rocks 
which  are  employed  architecturally  in  consequence  of  their 
fissility ;  this  series  includes  not  only  cleaved  rocks,  like  slate, 
but  such  laminated  rocks  as  can  be  split  up  for  use  as  roofing- 
tiles,  paving-slabs,  etc. 

In  the  table-cases  on  the  western  side  of  the  Hall,  are 
specimens  illustrative  of  the  manufacture  of  the  principal  varieties 
of  cement  and  plaster,  as  also  a  series  of  abrasive  materials,  with 
examples  of  millstones,  grindstones,  scythe-stones,  hone-stones, 
etc. 

It  was  originally  intended  that  all  the  Mineral  Collections 
should  be  exhibited  on  the  Principal  Floor  of  the  Museum,  but 
the  important  bequest  by  Mr.  Henry  Ludlam,  received  in  1880, 
rendered  it  necessary  to  modify  this  intention.  The  Ludlam 
Collection  of  Minerals,  which  could  not  be  accommodated 
upstairs,  is  placed  mostly  in  the  Hall.  Here,  too,  are  necessarily 
arranged  such  massive  and  heavy  objects,  as  could  not  find 
appropriate  display  elsewhere.  Quite  lately,  for  example,  there 
has  been  added  to  the  assemblage  of  miscellaneous  objects  in  the 
Hall,  a  large  slab  of  limestone  from  the  Yoredale  beds  at  Barton^ 
in  North  Yorkshire,  displaying  a  well-marked  glaciated  surface. 
July,  1898.]  22 


288  VISIT  TO   THE   MUSEUM   OP   PRACTICAL   GEOLOGY. 

In  accordance  with  the  practical  character  of  the;  Institution 
the  Mineral  Collections,  exhibited  on  the  chief  floor,  are  arranged 
on  such  principles  as  to  be  of  service  to  the  miner  and  to  the 
general  visitor  without  scientific  training.  The  primary  division 
is  into  a  metalliferous  group,  and  a  so-called  non-metallic  group 
of  minerals. 

The  metalliferous  minerals,  or  Ores,  are  arranged  in  a  series  of 

wall-cases — the  British  ores  being  separated  from  the  foreign  ores, 

and  these  again  from  the  Colonial  products.     The  minerals  from 

the  Colonies  are  classified  geographically,  since  a  visitor  not 

infrequently  desires  to  study  the  mineral  products  of  a  certain 

British  Possession.     In  the  other  collections  of  ores,  the  minerals 

of  each  metal  are  kept  together ;    thus,  all  the  copper  ores  of 

Britain  will  be  found  in  a  compact  group,  collected  in  a  series  of 

adjacent  cases.     In  front  of  the  British  copper  ores  will  be  found 

a  table-case  with  specimens  illustrating  the  dressing  and  smelting 

of  such  ores.     The  mineral  collection  is  thus  supplemented  by  a 

metallurgical  collection.     Finally,  the  metal  having  been  extracted 

from  its  ore,  an  attempt  is  made  to  show  how  this  metal  is  utilised 

in  the  arts ;  and  thus  it  comes  about  that  a  case  is  devoted  to 

statuettes,  vases,  etc.,  cast  in  copper  and  its  various  alloys.      The 

<:ollection    is,    therefore,    essentially    technological,    comprising 

examples  of  the  ores,  the  metals,  and  their  industrial  applications. 

The   so-called  "  non-metallic  minerals "  are  displayed  in  the 

large  series  of  desk-cases  in  the  central  area  of  the  Principal  Floor, 

known   as   the   Horse-shoe  Case.      Here  are   found   not  only 

minerals  which  are  strictly  destitute  of  any  metal — such  as  the 

natural  forms  of  carbon,   sulphur,  and  silica — but  also   a  great 

number  of  spars,  precious   stones,  and  earthy  minerals  which, 

notwithstanding    their    popular    designation   as   '*  non-metallic," 

contain  various  metallic  elements,  but  generally  the  lighter  and 

rarer  metals.     A  characteristic  feature,  here  as  elsewhere,  is  the 

attempt  to  show  the  economic  uses  of  each  mineral. 

Illustrations  of  the  utilisation  of  clays  in  the  manufacture  of 
pottery,  and  of  sands  in  the  production  of  glass,  led,  in  the  early* 
days  of  the  Museum,  to  the  formation  of  ceramic  and  vitreous 
collections.  These  collections,  which  have  acquired  considerable 
importance,  are,  however,  kept  together  as  a  special  department 
of  the  Museum. 

Mr.  E.  T.  Newton  followed  with  an  account  of  the  fossils 
exhibited  in  the  galleries.  The  specimens  are  arranged  in  such 
a  way  as  to  illustrate  most  admirably  the  various  formations  shown 
on  the  Geological  Survey  maps.  The  collection,  which  has 
grown  during  many  years,  includes  several  important  series  of 
fossils  brought  together  by  private  workers,  and  contains  a  great 
number  of  type  specimens.  The  speaker  called  attention  to 
certain  of  the  more  striking  and  interesting  specimens,  among 
-which  he  mentioned  :  a  portion  of  a  hollow  stem  of  lepidodendron^ 
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from  the  Carboniferous  rocks  of  Midlothian,  which  has  been  filled 
in  with  volcanic  debris,  but  still  has  some  of  the  woody  structures 
most  beautifully  preserved ;  a  unique  example  of  the  antler  of 
CervHS  verticornis,  from  the  Norfolk  Forest  Bed ;  the  wonderful 
horned  and  other  reptiles  from  the  Elgin  sandstone ;  the  elephant 
remains  described  by  Dr.  Hicks  from  near  Euston  Square,  and 
lastly,  the  fossil  human  remains  from  Galley  Hill,  Northfleet ; 
probably  the  best  authenticated  specimen  of  Palaeolithic  man  yet 
found. 

The  President  then  gave  a  brief  account  of  the  arrangements 
of  specimens  in  the  Rock-room  (see  Proceedings,  vol.  xii,  p. 
322,  and  vol.  xiv,  p.  97),  and  concluded  by  expressing  the 
1  hanks  of  the  Association  to  Mr.  Rudler  and  Mr.  E.  T.  Newton 
for  their  excellent  addresses. 
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SCIENCE   DIVISION. 

Saturday,  March    26th,  1898. 

Director:  Professor  J.  W.  Judd,  C.B.,  LL.D.,  F.R.S. 

{Report  /5y  H.  W.  MONCK TON,  with  corrections  and  additions  by  the  DIRECTOR.) 

The  members  of  the  Association  were  received  by  the  Director  in 
the  vestibule  of  the  western  galleries  at  3  p.m.  After  a  few  words 
of  welcome,  the  Director  led  the  way  into  the  gallery,  drawing 
attention,  at  the  entrance,  to  some  old  maps  of  London  which 
illustrate  the  gradual  growth  of  our  city,  and  show  how  much  the 
direction  of  its  extension  has  been  influenced  by  geological 
features.  It  would  be  impossible  within  the  confines  of  this 
report  even  to  mention  the  numerous  objects  of  interest  having  a 
bearing  on  geology  to  which  the  Director  drew  attention,  nor  is 
it  necessary  to  do  so,  for  the  gallery  is  open  to  the  public  and  the 
exhibits  are  most  carefully  and  clearly  labelled ;  but  a  few  may  be 
mentioned  as  having  more  particularly  attracted  the  attention  of 
the  members  of  the  party. 

General  Colby's  "compensation  bar,"  a  most  ingenious 
arrangement  of  brass  and  iron,  was  used  in  1827-8  in  the 
measurement  of  base  lineson  Salisbury  Plain  and  near  Lough  Foyle, 
for  the  Ordnance  Survey  of  the  British  Isles,  and  is  of  interest  to 
the  geologist  since  the  value  of  a  geological  map  depends  to  no 
inconsiderable  extent  on  the  perfection  of  the  topographical 
survey  of  the  area  in  question.  The  zenith-sector,  and  the  great 
theodolite  used  in  the  Ordnance  Survey  attracted  attention,  as  did 
also  the  very  compact  piece  of  apparatus  used  by  Prof.  Boys  in 
determining  the  constant  of  gravitation,  and  thus  weighing  the 
earth. 
July,  1898.] 
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The  Director  then  drew  attention  to  a  beautiful  series  of 
sketches  in  chalk  of  the  wonderful  sunset  effects  which  followed 
the  great  eruption  of  Krakatoa  in  August,  18S3,  supposed  to  have 
been  due  to  the  vast  quantities  of  excessively  fine  volcanic  dust 
thrown  into  the  air  during  the  eruption.  These  drawings  were  all 
made  in  the  neighbourhood  of  London,  by  Mr.  W.  Ascroft  They 
are  mounted  on  revolving  frames,  and  some  time  was  spent  in  their 
inspection  by  the  members. 

On  entering  the  second  gallery  the  course  of  the  tour  of 
inspection  was  interrupted  by  a  small  geyser  which  suddenly  came 
very  actively  into  operation.  During  one  of  its  passive  periods 
the  Director  explained  its  construction,  which  is  beautifully 
simple,  simpler  even  than  the  model  designed  by  Prof.  J.  Muller, 
of  Freiburg,  which  required  two  fires,  whereas  the  one  inspected 
needed  only  one.  The  Director  said  that  the  violence  of  the 
eruption  could  be  greatly  increased  by  a  diminution  in  the 
aperture  of  the  tube,  but  there  was  a  general  feeling  that 
the  eruption  was  sufficiently  formidable.  A  beautiful  working 
apparatus,  constructed  by  Mr.  Clayden,  showed  the  ocean 
currents  of  the  world,  and  the  effect  on  the  Gulf  Stream  of  the 
removal  of  Central  America  was  illustrated.  Another  working 
model,  designed  by  Mr.  C.  J.  Woodward,  of  Birmingham,  illus- 
trated the  formation  and  manner  of  growth  of  a  volcanic  cooe 
in  a  simple  and  ingenious  manner. 

A  large  number  of  pieces  of  apparatus  made  expressly  for  geo< 
ogical  or  mineralogical  investigation  were  shown,  and  examined 
with  critical  interest  by  members  whose  tastes  lay  in  various 
special  directions.  Specific-gravity  balances  had  a  fascination  for 
some ;  petrological  microscopes  and  machines  for  cutting  rock^ 
sections  for  others,  and  several  beautiful  series  of  modeb  to 
illustrate  the  principles  of  crystallography  attracted  the  attention 
of  all. 

A  very  instructive  series  of  geological  maps,  containing  repre- 
sentative examples  of  the  publications  of  the  various  European, 
American,  and  Colonial  Geological-Surveys  with  early  geological 
maps  of  historical  interest,  and  some  geological  models,  next 
engaged  the  attention  of  the  members.  After  an  inspection,  all 
too  hurried,  of  these  and  many  other  exhibits,  the  party  passed  on 
to  a  lecture-room,  where  Professor  Tudd  gave  a  short  addresi  od 

Geological  Maps  :    Their  Origin  and   Development. 

The  collection  of  geological  maps  exhibited  in  the  galleries  <ef 
the  Museum  enables  the  geologist  to  contrast  the  various 
lences  and  defects  which  such  maps  may  display.  Some  of 
maps  are  distinguished  by  the  fidelity  with  which  they  illustmte 
the  geological  structure  of  a  district ;  others  are  noteworthy  for 
the  beauty,  transparency,  and  harmony  of  their  colouring,  being 
truly  artistic  as  well  as  scientific  productions ;  while  others  again, 
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and  this  is  a  matter  of  no  little  importance,  are  remarkable  for 
the  methods  of  reproduction  adopted,  which  enable  them  to  be 
sold  at  an  extremely  cheap  rate. 

It  is  of  great  interest  to  the  geologist  to  study  the  various  steps 
by  which  the  art  of  geological  mapping  has  arrived  at  its  present 
state  of  development.  For  this  reason  a  historical  series  of 
geological  maps  has  been  arranged  in  the  galleries.  The  whole 
question  of  the  origin  of  geological  maps  has  been  treated  with 
great  learning  and  research  by  Dr.  W.  H.  Fitton,  in  an  article 
first  published  in  the  Edinburgh  Revieiv  in  18 18,  and  afterwards 
issued  in  more  extended  form  in  the  Philosophical  Magazine  for 
1832-3.  Although  some  of  Dr.  Fitton's  conclusions  have  been 
challenged  by  more  recent  authors,  a  careful  study  of  the  facts 
affords  the  strongest  proof  of  the  sound  judgment  and  perfect 
impartiality  of  that  distinguished  geologist. 

In  the  history  of  scientific  discovery,  much  more  importance 
attaches  tothose  enunciations  of  truth  which  have  been  placed  before 
the  world  in  such  a  way  as  to  influence  scientific  progress  and 
produce  real  results,  than  to  the  remarkable  (but  often  dim)  fore- 
shadowings  of  the  same  truth  that  may  have  preceded  the  effective 
discovery  by  some  years,  but  have  borne  no  Iruit  whatever. 

Three  very  distinct  stages  in  the  development  of  the  art  of 
geological  mapping  may  be  very  clearly  recognised,  and  these  will 
always  be  associated  with  the  names  of  Lister,  Werner,  and  Smith 
respectively. 

The  first  maps  of  the  kind  could  not  be  called  "geological " 
maps  at  all  in  the  proper  sense  of  the  term — they  were  simply 
mineral  or  agricultural  (soil)  maps.  It  is  impossible  to  say  when 
such  maps  were  first  constructed.  To  many  person.s,  in  distant 
places,  it  must  have  occurred  to  indicate  upon  the  surface  of  a 
map,  the  distribution  of  minerals  and  soils.  To  construct  such  a 
map,  indeed,  would  require  nothing  but  the  most  ordinary 
industry  and  perseverance.  But  there  can  be  no  doubt  that  a 
paper  by  the  "  learned  Dr.  Martin  Lister,"  published  in  the 
Philosophical  Transactions  for  1684,  had  a  most  important  influence 
in  pointing  out  the  value  and  uses  of  such  maps,  and  in  quickening 
research  in  that  direction. 

Maps  which  could  be  properly  called  "  geological  "  were  first 
produced  when  the  fact  came  to  be  clearly  recognised  that  the 
rocks  seen  at  the  surface  are  the  "  basset  edges  "  or  "  outcrops  " 
of  strata,  and  that  these  strata  have  an  invariable  order  of 
succession.  Now  although  Werner  was  anticipated  in  this  discovery 
bySteno  in  Italy  (1669),  by  Strachey  (1719-1725)  and  Michell 
(1760)  in  this  country,  and  by  Lehmann  (1756)  and  Fuchsel 
(1762)  in  Germany,  yet  it  is  certainly  due  to  the  efforts  of  the  great 
Saxon  mineralogist,  at  the  end  of  the  last  century,  that  geological 
maps  began  to  be  extensively  made.  Werner's  pupils,  fired  with 
his    enthusiasm    and    informed    with    his    exact    mineralogical 
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out  by  M.  Jules  Marcou  that  Smith's  great  discovery  ha^ 
adumbrated  by  the  Abb^  Giraud-Soulavie,  as  early  as  177 
the  work  of  Giraud-Soulavie  was  absolutely  unknown  to  \ 
Smith,  and  even  to  Cuviet  and  Brongniart,  who  first  appl 
principles  of  William  Smith  to  the  investigation  of  the  Paris 
The  documehts  in  the  possession  of  the  Geological  Soci 
which  facsimiles  are  exhibited  in  the  Science  Museum,  pro 
Smith  had  completed  his  geological  map  of  the  neighbourk 
Bath  in  1799  and  his  first  sketch  of  his  geological  map  of  £ 
and  Wales  in  180 1,  while  Cuvier  and  Brongniart  did  not  coir 
their  geological  investigation  of  the  Environs  of  Paris  till  i8< 
their  map  did  not  appear  until  1810. 

Smith's  great  geological  map  of  England  and  Wal< 
published  in  181 5  ;  Macculloch's  geological  map  of  Sc 
in  1835  '}  ^"^  Griffith's  geological  map  of  Ireland  in  1838. 
first  complete  geological  map  of  France,  that  of  Elie  de  Bea 
and  Dufrenoy  appeared  in  1840. 

At  the  conclusion  of  the  lecture,  the  President  proposed 
of  thanks  to  the  lecturer.  He  said  that  he  had  listened  wi 
greatest  interest  to  the  account  of  the  various  steps  by  whi 
art  of  geological  mapping  had  been  gradually  advanced  t 
perfection.  He  complimented  the  Director  on  the  man 
which  the  exhibits  had  been  collected  together  and  arran 
the  galleries,  and  said  he  was  certain  the  members  had 
collection  of  apparatus  such  as  was  not  to  be  found  in  an] 
place.  It  had  been  made,  he  ventured  to  think,  with 
ordinary  judgment,  and  was  admirably  adapted  for  the  pur] 
teaching  geology. 

A  vote  of  thanks  was  carried  by  acclamation,  and  the  m< 
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Easter,  1898. 

Directors:  J.  F.  Blake,  M.A.,  F.G.S. ;  W.  H.  Hudleston, 
M.A.,  F.R.S. ;   and  S.  S.  Buckman,  F.G.S. 

Excursion  Secretary :  E.  P.  Ridley,  F.G.S. 

(^Report  by  tht  DIRECTORS  and  H.  W.  MONCKTON.) 

The  official  party  left  Paddington  Station  (G.W.R.)  at  3.15  p.m. 
on  Thursday,  April  7th,  and  on  arrival  at  Bridport  proceeded  to 
the  Bull  Hotel,  where  it  was  joined  by  many  members  who 
had  travelled  by  other  trains  or  from  different  parts  of  the 
country. 

The  principal  features  of  the  excursion  were  intended  to  be 
(i)  the  comparison  of  the  development  of  the  Inferior  Oolite  in  the 
south  of  Dorset  with  that  examined  last  year  in  the  Cheltenham 
district  5(2)  the  investigation  of  the  general  succession  of  the 
Jurassic  series  from  the  Inferior  Oolite  to  the  Portlandian,  and 
(3)  the  demonstration  of  the  remarkable  stratigraphy  of  the 
district,  showing  faulting  and  folding  at  different  epochs. 

In  pursuance  of  the  first  object  the  Association  had  the 
advantage  of  the  guidance  of  Mr.  S.  S.  Buckman,  who  had  acted 
as  Director  in  the  Cheltenham  area,  and  whose  views  will  be^found 
in  the  following  Report.  The  result  seemed  to  be  expressible 
somewhat  in  this  way,  that  whereas  at  Cheltenham  we  saw  an 
abundant  development  of  the  middle  portion  of  the  series  and 
little  of  the  lower  and  upper  parts,  in  Dorsetshire  there  was 
scarcely  any  of  the  middle  division,  but  a  fair  representative  of 
the  remainder. 

Friday^  April  8th. — The  party  drove  from  Bridport  to  Sea- 
town,  a  small  village  on  the  coast  about  three  miles  west  of 
Bridport.  Leaving  the  carriages,  the  members  walked  to  the  top 
of  Down  Cliff  where  Mr.  Buckman  delivered  a  short  address  on 
the  geology  of  the  district  (see  Fig.  i). 

The  rocks  belonged,  he  said,  to  the  Jurassic  series,  capped  un- 
conformably  by  Cretaceous.  At  Chideock  Hill  to  the  north, 
which  had  been  passed  on  the  drive  from  Bridport,  there  was  a 
small  outlier  with  a  hard  capping  of  Inferior  Oolite.  The  valleys 
around  had  been  cut  down  to  the  Lower  Lias.  Last  Whitsuntide 
the  Association,  when  at  Cheltenham,  was,  unfortunately,  unable 
to  see  the  Cephalopoda  Bed,  which,  in  that  area,  is  the  representa- 
tive of  a  considerable  thickness  of  the  strata  at  Chideock  Hill. 

Mr.  Buckman  pointed  out  the  position  of  the  junction  bed  of 

the  Upper   and  Middle  Lias      A  few  inches  of  the  strata  are 

cemented  to  the  Marlstone  ,  and  about  eighteen  inches  from  the 

Marlstone  Ammonites  striatulus   is   found  in   the  junction   bed. 

July,  1898.] 
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The  Marlstone  contains  A,  spinatus.  This  junction  bed  above 
the  Marlstone  is  represented  by  some  300  feet  of  strata  in  the 
Cotteswolds. 

The  Geological  Survey  Map  is  not  consistent  on  this  point, 
for  the  clay  above  the  place  where  A.  sirtatulus  is  found  is  here 
mapped  as  Upper  Lias  (g') ;  but  in  the  Cotteswolds  the  strata 
with  A,  striatulus  and  some  250  feet  below  that  are  mapped  as 
Midford  Sand  (g*).     So  that  the  map  has  really  reversed  the  true 


Down  Clifff. 


ThorncomlM  Bcaooo. 


Eypt 

t 


Fic.  I. — Section  along  the  Coast  of  Dorset,  West  of  Eype-Mouth.— 

H.  B,  Woodward, 


1.  Upper  Greensand. 

2.  Brtdport  Sands. 

3.  Upper  Lias — clays 

and  sandy  shales. 


4-7.  Middle  Lias — zones  of  Am, 
margnritatus  and  A, 
spinatus. 
4.  Sandy  Limestone,  overlain 
by  clays  and  Junction-bed 
of  Middle  and  Upper  Lias. 


5.  Yellow  sands  wiik 

'*  dog^rs.*' 

6.  Laminated     sand 

and   cbys  wt 
Starfish  Be<l. 

7.  "The  Three  Tiers 


Figs.  I,  3,  4,  and  5,  are  reproduced  by  the  kind  permission  of  the  Director-General 

of  the  Geological  Survey. 

order  of  the  strata  in  the  two  places,  and  has  made  the  pre- 
striatulus  beds  of  later  date  than  the  poststriatulan  rocks. 

Pointing  to  the  cliff  section  at  Thorncombe  Beacon,  which 
was  in  view  of  the  members,  Mr.  Buckman  said  that  the  70  feet 
of  blue  clay  seen  was  the  bed  he  alluded  to  mapped  as  Lias 
here.  Below  it  was  a  well-marked  line  in  the  cliffs.  That  was 
the  junction  bed,  about  2  feet  thick.  The  strata  of  that  band 
were  in  lour  layers,  viz.  : 

1.  Bed  with  A,  striatulus, 

2.  Bed  iron-coated,  remainder  A,  bifrons, 

3.  Bed  with  A,  falcifer, 
5.  Bed  with  A,  spinatus^ 

while  Mr.  Day  spoke  of  a  fifth  layer — a  Pleurototfiaria-h^dy  which 
Mr.  Buckman  said  he  had  never  been  able  to  find  ;  but  he  knew 
that  owing  to  contemporaneous  erosion  even  the  four  parts  are 
not  found  in  every  portion  of  the  band. 

On  this  section  Prof.  Blake  remarks  that  it  extends  from  the 
MargaritatuS'CXzys  to  the  Bridport  Sands.  Towards  the  middle 
the  narrow  band  above  mentioned  is  seen,  making  a  feature  in 
the  cliff.  Below  this  band  were  Afargaritatus-sainds,  above  it  is 
clay ;  of  this  clay  two  correlations  have  been  made.     According 
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:o  the  Geological  Survey  it  is  Upper  Lias;  according  to  Mr. 
).  S.  Buckman  they  are  of  the  same  date  as  the  Yeovil  Sands  of 
North  Dorset,  which  the  Survey,  however,  map  as  Midford  Sands. 
Mr.  Buckman  particularly  refused  to  have  anything  to  do  with 
:he  terms  Upper  Lias  or  Inferior  Oolite.  His  point  was  that  the 
::lay  was  Dufnortieria-htds^  which  are  post-striatulan  ;  that  on  the 
Dorset  coast  the  Dumoriieriabtds  are  called  Upper  Lias ;  in  the 
Cotteswolds  they  and  250  feet  below  them  are  mapped  as  Midford 
Sands.     One,  he  said,  must  be  wrong.* 

Evidence  was  accordingly  sought  to  determine  which  of  these 
two  views  most  accurately  represented  the  facts.  Lithologically 
considered,  nothing  seemed  simpler.  There  were  the  Middle 
Lias  sand  beds,  capped  by  a  hard  band,  with  A,  spinaius — the 
Marlstone,  followed  by  dark  clay — the  Upper  Lias,  passing  up 
into  the  Bridport  Sands. 

But  the  crux  of  the  question  lay  in  the  narrow  hard  band 
referred  to  the  Marlstone.  According  to  Mr.  Buckman  this 
:ontained  not  only  the  zone  of  A,  spinatus,  but  those  of  A.  faicifer^ 
4,  bifrons^  A,  striatulus^  and  possibly  a  fifth.  The  members, 
hereiore,  eagerly  sought  this  "  quinquezonal "  rock.  It  was 
ilmo>t  inaccessible  for  a  party,  but  blocks  that  had  fallen  down 
:ould  be  easily  examined.  Prof.  Blake  remarked  that,  strictly 
peaking,  there  were  no  zones  in  it  at  all.  The  fossils  were  not 
rranged  in  a  regular  or  any  order,  but  thrown  miscellaneously 
ogetber. 

Mr.  Buckman  pointed  out  that  the  specimens  were  not  lying 
lorizontally ;  but  though  each  layer  might  show  that  specimens 
rere  drifted  together,  yet,  as  the  result  of  continuous  work  at  the 
led,  he  had  found  that  the  fauna  of  each  layer  was  practically 
listinct ;  that  A,  striatuius  occurred  only  in  the  top  layer,  and 
hat  therefore  the  overlying  clays  were  younger  than  the  Siriaiulus- 
)eds.  Amongst  its  fossils  the  members  certainly  found  A.  spinatus^ 
Jrug.,  A,  Jalajer^  Sow.,  and  A,  bifrons^  Brug.,  and  possibly  A, 
triatulus^  Sow. 

It  was  plain,  Prof.  Blake  continued,  that  we  had  here  to  do 
irith  an  aggregate  deposit  formed,  as  it  were,  by  the  sweepings  of 
everal  zones  elsewhere,  and  that  the  overlying  clays  were,  at  least, 
ounger  than  the  Striaiulus-htds,  Still,  there  is  room  in  the 
isually  accepted  Lias  for  higher  beds  than  those  with  A.  striatuius^ 
nd  in  this  way  the  inclusion  therein  of  these  clays  might  be 
ustified.  On  the  other  hand,  the  occurrence  of  this  curious 
ggregate  rock  indicates  a  break  in  the  order  of  sequence,  and 
uggests  that  the  succeeding  cla)s  belong  to  a  new  series. 

The  approximate  junction-line  of  the  clays  and  overlying 
ands  may,  no  doubt,  be  mapped   by  the  aid  of  springs  and 

*  I"  Midford  Sands  "^  is  used  by  the  Geological  Survey  as  a  stratigraphical  term  to 
tclude  the  Gloucestershire  Cephalopoda- Bed  and  Cotteswofd  Sands,  and  aKso  the  Midford. 
ridport,  and  Yeovil  Sands. — Ld.] 
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similar  surface  indications ;  but  the  pao^e 
seems  a  gradual  one,  and  was  not  accessible 
to  direct  observation. 

Prof.  Blake  then  led  the  way  eastwards 
along  the  shore  to  Eype,  the  next  point  of 
interest  being  the  great  fault  which  brings 
down  Bathonian  beds  into  juxtaposition  with 
Middle  Lias  (see  Fig.  2).  This  is  one  of  a 
series  running  more  or  less  in  an  east  and 
west  direction  and  connecting  with  those 
better  known  in  the  Weymouth  anticlinal. 
The  Bathonian  beds  here  are  distinguished 
as  Fuller's  Earth  and  Forest  Marble,  the  line 
of  junction  being  taken  below  a  prominent 
bed  full  of  Khynchonella  boueti.  There  is 
not  much  lithological  distinction  hereabouts, 
and  the  line  of  junction,  Prof.  Blake  thought, 
was  more  or  less  palaeontological  and  arbitrary. 
(See  Fig.  3 ;  also  photograph  in  Brit  Assoc. 
Coll.) 

At  Bridport  Harbour  a  halt  was  made  for 
lunch.  After  the  luncheon  interval  the  party 
walked  in  an  easterly  direction  towards  Burton 
Bradstock,  and  visited  a  small  quarry  in  the 
Parkinsoni'zont  of  the  Inferior  Oolite.  A 
short  halt  was  made  here  and  a  considerable 
number  of  fossils  obtained,  including  : 
Clypeus  altusy  M  *Coy  ;  Coifyrites  (malis^  Leske ; 
C.  ringens,  Ag. ;  Hokctypus  hemispharicus, 
Desor.  ;  Terebraiula  spharoidaiis.  Sow. ;  T. 
Stephanie  Dav. ;  Ammonites  parkinsoni,  Sow. 

The  river  Bredy  was  then  crossed,  and 
beneath  Burton  Bradstock  Cliff  the  members 
had  a  good  opportunity  of  observing  the  whole 
of  the  small  thickness  of  rocks  which  go  by 
the  name  of  the  Inferior  Oolite  Limestone. 
The  underlying  Bridport  Sands  were  easily 
verified  as  belonging  to  the  Opalinus-zon^^  in 
which  is  included  also  their  limestone  capping. 
Above  this  is  a  very  distinct,  well  separated 
band,  with  a  base-line  of  curious  nodules  or 
ferruginous  concretions,  and  portions  of  an 
ironshot  matrix  sim  ilar  to  that  of  the  Murchisona- 
bed  at  Chideock  Hill.  Mr.  Buckman  calls  it 
it  IVitchei/i'a-hQds,  and  others  have  referred  it 
to  the  Murchisona  or  ffumphriesianus-zonts. 
After  another  break  comes  a  more  massive 
limestone    in    which     Parkinsonia    abound, 
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and  one  of  the  members  obtained  a  good  example  of 
Morphxerai,  so  that  the  honzon  is  clearly  fixed.  It  is  above 
this  limestone  that  the  line  between  the  Inferior  Oolite 
and  Bathonian  is  usually  drawn  Here,  however,  the  overlying 
clay  seems  to  be  very  closely  connected  with  it,  and  at  the  base 
contains  many  ammonites  usually  referred  to  Opptlia  subradiata. 
It  would  seem  therefore  that  stiatigraphically  a  break  occurs 
below  the  Parktnsoma  limestone  and  that  this  latter  should 
rather  be  included  in  the  Bathonian  series — a  view  which  on 
pal!eoniol<^ica]  grounds  has  been  advocated  by  Messrs.  Wilson 
and  Buckman  at  Dundry,  and  is  consonant  with  the  German 
and  some  of  the  >rench  classifications 


Fig.  3.— Section  at  Wbst  Cliff,  Bridpobt.— ^.  B,  Woodviard. 
I — J.     FuUonian  Clay. 

Mr.  Hudleston's  reading  of  this  part  of  the  section  will  be 
found  in  the  monograph  on  "  The  Gasteropoda  ol  the  Inferior 
Oolite"  (Pal.  Soc.).  Part  I,  p.  31,  and  Mr.  Buckman's  reading  in 
the  paper  on  "The  Cotteswold,  Midford,  and  Veovil  Sands" 
{Quart.  Journ.  Geol.  Soc.,  vol.  xlv  (1889),  p.  451). 

On  reaching  Burton  Bradstock,  the  parly  were  met  by 
■carriages,  and  most  of  the  members  drove  back  to  Btidport,  A 
detachment,  however,  under  the  direction  of  Prof.  Blake,  left  the 
carriages  near  North  Hill,  and  visited  several  quarries  in  the 
Forest  Marble  on  North  Hill,  and  between  it  and  the  village  of 
Bothenhampton.  The  section  is  published  in  H.  B.  Woodward's 
"Jurassic  Rocks  of  Britain,"  vol.  iv,  p.  342.  Fossils  are  very 
abundant,  but  it  is  not  easy  to  oblain  satisfactory  specimens  for  the 
cabinet  After  spending  some  time  in  the  (]uarries,  the  detach- 
ment rejoined  their  carriage  and  drove  to  Bn'dport. 

The  Mayor  of  Bridporl  honoured  the  Association  with  hU 
company  at  dinner,  and,  on  behalf  of  the  Mayoress,  presented  a 
box  full  of  specimens  of  Khynehondla  bcutlt  from  the  Forest 
Marble  of  the  neighbourhood. 


9gS  EXCURSION   TO   BRIDPORT   AND   WEYMOUTH. 

After  dinner  the  President  proposed  votes  of  thanks  to  Mr. 
Buckman  for  assisting  in  the  directorship  during  the  day,  and  to 
the  Mayor  and  Mayoress  for  the  present  of  Rhync?u>neUa,  Both 
votes  were  passed  by  acclamation,  and  Mr.  Buckman  and  the 
Mayor  responded. 

Saturday^  April  ^ih, — Starting  soon  after  lo  o'clock,  under 
the  directorship  of  Prof.  Blake,  the  party  drove  by  way  of  Swyre  to 
Abbotsbury,  and  the  Director  remarked  that  those  who  had  visited 
Bothenhampton  on  the  previous  evening,  and  all  the  party  during 
the  drive  to  Abbotsbury,  were  able  to  appreciate  the  very  con- 
siderable amount  of  material  which  goes  in  this  district  to  make 
up  the  "  Fuller's  Earth  "  and  "  Forest  Marble."  It  is  scarcely  to 
be  understood  by  the  use  of  these  terms  that  only  those  portions 
of  the  series  which,  in  the  neighbourhood  of  Bath,  go  by  these 
names  respectively  are  here  represented,  and  that  the  Great  Oolite 
and  Bradford  Clay  are  absent,  but  that  lithologically  these  names 
are  most  suitable  for  the  lower  and  upper  portions  of  a  continuous 
Bathonian  series  whose  relations  have  as  yet  been  inadequately 
worked  out. 

On  reaching  Abbotsbury  new  problems  came  up  for  solution. 
Descending  the  hill  towards  that  village  the  members  were 
able  to  satisfy  themselves  of  the  great  pre-Cretaceous  fault,  bring- 
ing down  the  Abbotsbury  ironstone  almost  on  a  line  with  the 
Forest  Marble  ;  and  further  to  the  east  the  same  fault  was  con- 
firmed, up  Red  Lane.  With  regard  to  the  age  of  this  fault,  no 
section  could  be  found  in  which  the  Cretaceous  rocks  were  seen 
actually  lying  on  the  Jurassic ;  but  the  uniform  level  and  irregular 
running  of  the  outcrop  of  the  former  seemed  to  indicate  that  they 
do  so,  and  are  not  faulted  against  them,  as  marked  on  some  copies 
of  the  old  Geological  Map  ;  and  in  this  case  it  is  obvious  that  the 
fault  must  have  brought  up  the  Forest  Marble  and  allowed  the 
overlying  strata  to  be  denuded  before  the  Cretaceous  rocks  were 
deposited.  Whether  this  pre-Cretaceous  fault  runs  into  the  same 
line  as  the  post-Cretaceous  one  that  brings  down  the  Chalk  to  a 
lower  level  than  the  Portland,  at  Portisham,  or  whether  both  are 
broken  off  and  lost,  could  not  be  determined  by  any  direct 
observations  on  the  ground. 

On  the  other  side  of  Abbotsbury  a  very  complete  traverse 
from  the  Osmington  Oolite  of  Linton  Hill,  through  the  Trigonia- 
beds,  the  Supra-coralline  or  Sandsfoot  Castle  beds,  the  ironstone, 
the  Kimeridge  Clay,  the  Portland  and  Purbeck  beds  of  Portisham 
Hill  was  satisfactorily  made.  The  Portland  Limestone  was  found 
to  be  here  not  so  fully  developed  as  in  the  Island  of  Portland, 
but  immediately  over  the  flinty  series — here  containing  Ammonites 
giganteus^ — was  seen  a  thin,  dark,  carbonaceous  bed  with  frag- 
ments of  wood.  On  this  horizon  two  large  trees  were  seen — one 
horizontal,  some  6 — 8  ft.  long,  and  hollowed  out  in  the  middle — 
the   other    vertical,   with    large   spreading  roots.      Photographs 
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of  these  were  taken,  but  the  wan- 
ing light  has  prevented  them  from 
being  suitable  for  reproduction.*  .  •__«? 

Above  this  the  Purbeck  series  was 
continued  to  a  band  full  of  Cyrena. 

Monday,  April  i  i/A— Monday 
was  devoted  tu  an  examination  of 
the  scries  downwards  from  the 
Oxford  Clay  to  the  Forest  Marble, 
with  Prof.  Blake  as  Director.  A 
few  of  the  members  crossed  the 
Backwater  to  the  opposite  shore, 
and  were  able  to  pick  up  several 
ammonites  of  the  Cordatus  group 
— representing  the  upper  part  of 
the  Oxfordian.  The  whole  party 
walked  along  by  the  side  of  the 
railway  to  the  other  end  of  the 
section  and  searched  the  lower 
part  containing  CaJoceras  suiltevc, 
reaching  the  Cornbrash  at  the  end. 

The  rubbly  character  of  this 
roci  was  noted,  indicating  that  it 
is  a  basal  deposit.  Though  no 
ammonites  have  been  recorded 
from  the  Cornbrash  in  this 
locality,  numerous  examples  of 
Ma£rocephalUes  vete  obtained, 
and  one  example  which  would 
probably  be  recorded  as  A.  discus, 
but  which  is  more  likely  to  be  the 
A.  Hoekstetteri  of  Oppel,  recorded 
by  him  from  the  Cornbrash  of 
Chippenham,  though  it  has  not 
yet  been  accorded  a  place  in  British 
Usts.  The  Director  drew  atten- 
tion to  the  fact  that  on  the  Con- 
tinent the  zone  of  A.  macrocephabis 
was  usually  united  with  the  Oxford- 
ian, and  that  the  indications  here 
vere  that  it  ought  to  be  so  classed. 
Forthis  purpose  the  variable  charac- 
ter of  the  underlying  Forest  Marble 
in  the  district  was  recommended 
to  be  noted,  and  at  a  later  part 
of  the  day  it  was  shown  to  be 
argillaceous  at  Radipole,  sandy  and  concretionary  at  the  top  o 
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hill  to  the  south,  and  shelly  at  Langton  Herring,  but  it  was 
always  followed  by  the  same  kind  of  rubbly  Cornbrash,  every- 
where recognisable  by  its  Avimla  echinata,  This  confirms 
the  existence  of  a  break  below  the  Cornbrash,  while  the  gradual 
intercalation  of  clays,  and  the  similarity  of  the  fauna  indicate  an 
absence  of  any  break  above  it.  The  Ornafus-clsiys  at  Chickerel 
brickyards  and  the  Brachiopod  Beds  at  Herbyleigh  provided  the 
members  with  the  desired  collections  of  fossils,  among  which  Mr. 
Newton  named  from  the  latter :  Rhvnochonelia  batieti^  Dav., 
Terebratula  intermedia^  Sow.,  T,  maxillaia^  Sow.,  Waldhdmia 
digona.  Sow.,  W.  obovata^  Sow.,  Mytilus  pectinatus^  Sow.,  and 
the  very  characteristic  Ter.  coarctaia^  Park. 

After  dinner  the  President  proposed  a  vote  of  thanks  to  Prof. 
Blake  and  Mr.  Hudleston  for  their  kindness  in  consenting  to  act 
as  Directors,  and  to  Mr.  £.  P.  Ridley  for  arranging  the  business 
details  of  the  excursion.     It  was  carried  unanimously. 

Tuesday^  April  12th, — Directed  by  Prof.  J.  F.  Blake  and 
Mr.  W.  H.  Hudleston,  M.A.,  F.R.S.,  a  party  of  about  fifty 
left  Weymouth  at  9.30  a.m.,  and  drove  through  Osmington  to 
Upton,  a  small  village  about  five  miles  north-east  of  Weymouth, 
situated  in  a  fertile  valley  which  runs  in  an  east  and  west  direc- 
tion, with  Chalk  downs  rising  some  200  feet  above  it,  both  on 
the  north  and  on  the  south.  Leaving  the  carriages,  the  party 
ascended  the  southern  slope  of  the  south  downs,  and  on  reaching 
the  top  (about  500  ft.)  Prof.  Blake  said  a  few  words  on  the 
physical  geology  of  the  district,  and  pointed  out  the  independence 
of  the  Cretaceous  rocks  to  the  underlying  synclinal. 

The  party  then  descended  on  the  seaward  side  of  the  down, 
and  met  Mr.  and  Mrs.  Hudleston  m  the  ravine  above  South 
Down  Farm.  Mr.  Hudleston  led  the  way  to  a  road  cutting 
showing  the  basal  beds  of  the  Upper  Cretaceous,  here  including 
the  Chloritic  Marl,  succeeded  by  the  Lower  Chalk,  all  dipping 
at  a  high  angle  towards  the  north.  He  took  the  opportunity 
of  delivering  a  short  address  on  the  geology  of  the  neighbour- 
hood. 

The  district,  he  said,  was  one  with  stratigraphical  peculiarities 
which  are  not  exceeded  \n  point  of  interest  by  any  throughout 
the  whole  of  England.  On  the  hill  slope  above  them  was 
a  bluff  of  Upper  Greensand  and  Chloritic  Marl  overlain  by 
Lower  Chalk,  all  with  a  dip  of  about  70  deg.  to  the  north. 
In  the  quarry  below  are  to  be  seen  Portlandian  beds,  which 
have  a  similar  northerly  dip.  This  high  dip  of  the  Cretaceous 
beds  shows  that  the  foldmg  belongs  to  the  system  of  post- 
Cretaceous  disturbances.  The  disturbances  so  well  marked  in 
this  district  occurred  at  two  distinct  periods  ;  the  example  before 
us  belongs  to  the  later  of  these  periods,  and  is  probably  of 
Miocene  age.  Other  disturbances  would  be  seen  in  the  course 
of  the  day,  which  can  be  proved  to  be  of  pre»Cretaceous  age, 
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because  they  pass  under 
the  Cretaceous  beds 
without  affecting  them. 

The  Cretaceous  here 
belongs  to  the  Upper 
Cretaceous  down  to  the 
base  of  the  Upper  Green- 
sand,  with  part  of 
the  Gault  in  places; 
and  the  Wealden  would 
be  treated  as  non- 
Cretaceous,  because  the 
Wealden  here  belongs 
to  a  different  system  of 
disturbance,  and  the 
Wealden  of  the  synclinal 
passed  over  by  the 
party  this  morning,  folds 
with  the  Jurassics.  (See 
^ig-  5  )  As  a  matter  of 
fact  the  Upper  Creta- 
ceous rests  almost  every- 
where unconformably  on 
the  older  rocks.  This 
is  remarkably  the  case 
on  the  western  brow  of 
the  Yorkshire  Wolds. 
There  the  Cretaceous 
rests  on  Corkllian,  Ox- 
fordian,  Lower  Oolite, 
and  Lias.  Consequently 
there  must  have  been 
a  great  physical  change 
about  the  period  during 
which  the  Cretaceous 
began  to  be  laid  down, 
and  this  holds  true 
almost  all  over  Europe, 
in  Arabia,  and  probably 
also  in  India  —  one  of 
the  greatest  overlaps  we 
know  of  in  the  Old 
World.  » 

At  the  conclusion  of  Mr.  Hudleston's  address  the  members 
proceeded  to  inspect  the  section,  the  high  dip  being  very  notice- 
able. The  Lower  Chalk  here  contains  one  or  two  imperfectly 
formed  flints,  but  few  fossils  were  seen,  a  fragment  of 
Ammonites  navicularis^  Mant,  in  association  with  Nautilus  being 


Upton 
post  .Wealden 
Syncline. 
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found  in  the  Chloritic  Marl.  The  Upper  Greensand  contained 
an  abundance  of  green  grains  and  many  fossils  were  found, 
amongst  others  Exogyra  columba.  Lam. ;  E.  cornea^  Sow. ;  Pecttn 
orbicularis^  Sow.  ;  Pecten  guinquecostatus.  Sow. ;  Fecten  allied  to 
gailienneiy  D'Orb. ;  Area,  sp. ;  Cyprina,  sp. 

Mr.  Hudleston  remarked  that  the  high  dip  here  seen  only  ex- 
tends  for  a  short  distance  from  the  line  of  disturbance,  after  which 
the  beds  became  nearly  horizontal     He  added  that,  in  this  case, 
we  were  dealing  with  a  fold  rather  than  with  a  fault,  and  that  fold*^ 
often  cause  more  complicated  disturbances  than  faults.    He  then 
led  the  way  to  the  cliff  near  Holworth  House,  and  pointed  out  a  fault 
which  cuts  the  cliff  in  a  nearly  north  and  south  direction.     It  is  a 
transverse  fault  and  of  less  importance  in  affecting  the  features  of 
the  country,  the  great  lines  of  disturbance  always  running  in  an 
east  and  west  direction.     The  section  on  the  east  side  of  the  fault 
shows  the  junction  of  the  Purbeck  and  Portlandian  strata.      The 
Lower  Purbeck  here  is  a  flaggy  limestone  with  faint  traces  of  a 
dirt  bed  in  places  and  with  no  marine  fossils — indeed,  few  fossils 
of  any  kind.      The  uppermost  Portland  rock  here  consists  of  a 
kind  of  "  Roach,"  a  hard  Limestone  full  of  casts  of  marine  shells, 
Pecten  lamellosuSy    Sow. ;    Cardium  dissimile^  Sow. ;   Pieuromya 
iellinay   Roem. ;  and   varieties   of   Trigonia  gibbosa^  Sow.,  were 
amongst  the  species  found  by  the  members.      The  absence  (or 
rarity)  of  Cerithium  serves   to  distinguish   this   bed  ^m  the 
typical  Roach  of  the  Isle  of  Portland.      Mr.   Hudleston  saiil 
that  this  change  from  marine  to  freshwater  conditions,  shown  in 
the  section,  was  evidence  of  some  interval  between  the  Portland 
and  Purbeck  series,  and,  in  fact,  he  was  certain  that  an  extensile 
planing  of  the  Portland  rocks  had  taken  place  in  the  interval 
between  the  deposition  of  those  two  formations.     The  Purbecks 
rest  upon  different  portions  of  the  Portland  rocks  in  different 
parts  of  the  country,  here  on  a  representative  of  the  Roach,  at 
Portisham    on   the  flinty  series.      A  similar    transgression    of 
Purbecks  over  various  members  of  the  underlying  Portlands  was 
also  noticeable  in  the  Vale  of  Wardour.  ' 

On  this  Professor  Blake  said  he  would  make  a  speculative 
remark.  In  the  South  of  France  there  is  a  series  of  beds  inter- 
mediate between  the  Jurassic  and  Cretaceous,  which  are  separated 
from  both  as  the  Tithonic  stage.  If  then  we  have  an  uncon- 
formity at  the  top  of  the  Wealden  and  another  at  the  bottom  df^ 
the  Purbeck  the  intervening  beds  might  be  also  separated,  as  a^ 
series  corresponding  to  the  Tithonic. 

The  Portland  Beds  seen  consist  of : 

1.  Roach. 

2.  Representative  of  the  building-stone. 

3.  Beds  with  chert. 

The  party  now  passed  along  the  face  of  an  undercliff  to  a 
point  below  Holworth  House,  where  Mr.  Hudleston  pointed  oil 
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blue  clay  (Gault)  resting  on  the  upturned  edges  of  the  Jurassic 
rocks,  a  splendid  example  of  the  great  overlap.  Immediately 
above,  on  the  Chaldon  Plateau,  the  overlying  Chalk,  he  said,  is 
fairly  level,  but  a  little  farther  east,  for  instance  at  the  Durdle,  the 
Chalk  and  everything  else  is  tilted,  and  in  places  even  inverted, 
by  the  great  Isle  of  Purbeck  fold. 

The  greater  number  of  the  party  were  obliged  to  turn  back  at 
this  point  in  order  to  catch  the  official  train  at  Weymouth,  but  the 
President  and  some  of  the  members  were  able  to  accompany  the 
Directors  on  a  further  examination  of  the  cliffs. 

It  was  not  always  an  easy  task  to  separate  the  slipped  Gault 
from  Kimeridge  Clay,  and  no  very  definite  Gault  forms  were 
found,  except  perhaps  Inoceramus  concentricus^  Park.  Upper 
Greensand  fossils  were  abundant.  Amongst  those  collected  were, 
Pecten  asper^  Lam.;  Myacites  (Panopcea)  mandibular  Sow.  ; 
HamiteSy  etc. 

In  the  slips  of  Kimeridge  Clay,  oil  shale  was  noticed,  but  the 
'*  coal "  was  not  found  in  situ. 

The  party  then  walked  by  the  shore  westwards  to  Osmington 
Mills,  where  a  small  stream  (the  Cascade)  flows  into  the  sea. 
The  stratigraphy  is  sufficiently  indicated  by  Mr.  Strahan's  figure 

(Fig.  5)- 

Mr.  Hudleston  explained  the  section,  and  said  that  the  pre- 
Cretaceous  disturbance,  of  which  such  good  evidence  lay  before 
the  party,  was  exactly  in  line  with  the  post-Cretaceous  disturbance 
at  South  Down  Farm  studied  earlier  in  the  day.  This  is,  in  fact, 
the  well-known  Osmington  anticline — a  fractured  anticlinal  fold, 
which  has  tilted  the  Corallian  rocks  in  the  bay.  He  pointed  out 
the  connection  of  the  Upton  syncline  with  the  Osmington  anti- 
cline as  being  parts  of  a  system  of  folding  due  to  lateral 
compression. 

The  party  spent  some  time  collecting  on  the  shore  and  in  the 
cliff,  and,  as  a  last  effort,  proceeded  to  verify  the  remarkable 
lozenge-shaped  block  of  pre-Upper  Cretaceous  rocks  in  the 
defile  above  Osmington  Mills,  which  is  shown  in  the  new  Survey 
Map  by  Mr.  Strahan.  There  was  just  sufficient  carriage  accom- 
modation to  enable  the  party,  about  twenty  in  number,  to  return 
comfortably  to  Weymouth. 
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Saturday,  April  2  3RD,  1898. 

Director:  J.  H.  Blake,  F.G.S.,  Assoc.  M.  Inst.  C.E.,  of 

H.  M.  Geological  Survey. 

Excursion  Secretary :  W.  P.  D.  Stebbing,  F.G.S. 

{Report  hy  the  DIRECTOR.     Communicated  by  permission  of  the  Director^ 

General  of  the  Geological  Survey.) 

Several  members  left  London  at  1.33  p.m.,  and  arrived  at  Reading 
at  2.25,  where  they  were  met  by  others  from  the  adjoining  districts 
and  from  Oxford. 

The  party  walked  i^  miles  in  a  westerly  direction  to  a  pit, 
dug  in  low-lying  valley-gravel,  situated  on  the  east  side  of  Elm 
Lodge.  The  section  showed  from  17  to  18  feet  of  stratified  gravel 
resting  on  Chalk.  The  gravel  consisted  of  sub-angular  flints, 
some  being  of  large  size  and  but  slightly  water-worn,  together  with, 
a  few  large,  rounded  quartzites.  A  few  pieces  of  broken  bon^ 
have  been  found  in  this  pit. 

The  next  excavation  visited,  belonging  to  Mr.  Jesse,  was  on 
the  sloping  ground  a  quarter  of  a  mile  south  of  Elm  Lodge,  and 
about  the  same  distance  south-east  of  the  Barracks.    The  follow- 
ing was  the  section  exposed : 
July,  1898.] 
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Dp  Tin-  C  Gravel,  very  coarse,  subangular,  with  many 

^"^'■*^-          \     Urge  Quartzites         14  to  1 6  feet. 

'Sand,  buff  and  white,  much  false-bedded      ...  8  to  10  feet. 

{  Clay,  bluish-grey,  stratified       ...  2  to  2|  feet. 

READING    ,    BOTTOM    ^vster-bed          ...                   ...  etoiainche.. 

BEDS.       <        Bed,      ,^  Clay,  laminated,  grey,  with  green 

oana      ...         ...         ...         ...  •••       ^1  >ovu 

Sand,    green,    with    Clay    and 
Oysters,  green-coated  Flints  at  base      J  to  4  feet. 

Chalk,*  with  tubular  holes  formed  by  boring  molluscs,  the  holet  filled  with 

green  Sand. 

The  Director  explained  that  the  Reading  Beds  in  this 
district  consisted  of  mottled  crimson,  grey,  and  other  variefated 
clays  in  the  upper  part,  from  about  40  to  50  feet  in  thickness ; 
overlying  buff  and  white  sands  20  to  30  feet  thick ;  which  latter^ 
rested  on  stratified  bluish-grey  clay  and  olive-coloured  green  aand, 
known  as  the  "  Bottom  Bed,"  generally  from  5  to  8  feet  in  thick-* 
ness,  but  near  Newbury  as  much  as  12  feet.  Green-coated 
angular  flints  invariably  occurred  at  the  base  of  the  Bottom  Bed 
at  its  junction  with  the  Chalk ;  flint  pebbles,  small  pieces  of  lyditei 
and  sub-angular  green-coated  flints  were  often  present  a  little 
higher  up  in  the  same  bed. 

In  this  excavation  an  impersistent  line  (about  10  yards  in 
length)  of  sub-angular  green-coated  flints  occurred  in  the  lower 
part  of  the  buff  sands  overlying  the  "  Bottom  Bed " ;  and  a 
similar  bed  has  been  noticed  in  a  like  position  in  a  sand-pit 
a  short  distance  to  the  east  of  this  spot.  The  upper  Oyster- 
bed  was  about  2  to  2^  feet  down  from  the  top  of  the  "  Bottom 
Bed,''  and  had  been  exposed  on  the  floor  of  the  pit  over 
an  area  of  about  60  yards  by  20 ;  it  averaged  from  6  to  12 
inches  in  thickness,  and  seemed  to  thin  out  in  a  northerly 
direction.  The  oysters  mostly  consisted  of  Ostrea  bellovacina^ 
Lam.,  many  with  both  valves  united.  There  were  also  a  large 
number  of  oysters,  identified  by  Messrs.  Sharman  and  Newton 
as  Ostrea  gryphavidna.  Wood,  several  good  specimens  of  which 
were  obtained  on  this  occasion.  The  largest  specimens  of 
Ostrea  bellavadfM,  with  both  valves  united,  occurred  near  the 
base  of  the  "  Bottom  Bed,"  and  continued  upwards  for  about 
3  to  4  feet  in  the  glauconitic,  olive-coloured  green  sand.  Mr. 
Treacher  obtained  from  the  Upper  Oyster-bed  in  this  pit  the 
following  fossils :  Corbula^  Cytherea^  Leda,  Nucuia^  Modiola 
eiegans  (?),  Sow.,  Tellina  (?),  Ceriihium^  Dentaliumy  and  Odontaspis 
(Lamna)  contorttdens,  Ag. 

With  reference  to  this  Oyster-bed  at  Reading,  extracts  from 
pp.  118  and  119  of  Dr.  Plots'  "Natural  History  of  Oxfordshire," 
published  in  1677,  were  supplied  by  Mr.  James  Parker,  and  read 
in  the  evening  by  the  President.  One  of  the  extracts  was  as 
follows :    "  At   some  places    here    in    England,   particularly  at 

*  Exposed  in  two  excavations  dug  to  &bow  the  junction  with  the  Reading  Beds 
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Catsgrove  [Katesgrove],  near  Reading,  a  place  sufficiently  remote 
from  the  sea  .  .  .  they  meet  with  a  bed  of  oyster-shells,  both  flat 
and  gibbous,  about  12  or  14  foot  underground,  not  at  all  petrified, 
all  of  them  opened,  except  some  very  few  that  I  suppose  have 
casually  fallen  together;  which  how  they  should  come  there 
without  a  Deluge,  seems  a  difficulty  to  most  men  not  easily 
avoided." 

The  coarse  gravel,  which  rests  on  an  irregular  and  water- 
worn  surface  of  the  sands  of  the  Reading  Beds,  seemed  for  the 
most  part  devoid  of  stratification.  Remains  of  EUphas  prind- 
genius^  Blum.,  Bos  primigeniuSy  Boj.,  Cervus^  Equus^  etc. ;  and 
Palaeolithic  flint  implements  have  been  found  at  various  levels  in 
this  pit,  but  are  apparently  most  abundant  near  the  base  of  the 
gravel,  at  about  65  ft.  above  the  level  of  the  Thames  in  this 
locality,  the  surface  of  the  gravel  being  81  ft.  This  was  the 
gravel-pit  known  as  "  Hill's-pit,"  but  sometimes  described  as 
"  Grovelands,"  in  which  Dr.  Joseph  Stevens,  Hon.  Curator  of  the 
Reading  Museum,  found  Palaeolithic  flint  implements  for  the  first 
time  in  the  Reading  district.  He  shortly  afterwards  found  a 
large  number  at  a  higher  level,  namely,  119  ft.  above  the  Thames, 
in  a  pit  on  St  Peter's  Hill,  Caversham,  on  the  opposite  side  of 
the  Thames.  Mr.  Llewellyn  Treacher  and  others  have  since 
found  a  large  series  of  implements  in  the  district. 

From  the  above  pit  the  party  proceeded  in  a  westerly 
direction  to  the  extensive  excavations  connected  with  Messrs. 
Collier's  Brick  and  Tile  Works.  That  on  the  south  side  of  the 
road,  north  of  the  rookery  of  Prospecthill  Park,  was  first  visited, 
where  clay  was  being  dug,  and  conveyed  in  buckets  on  a  wire 
ropeway  to  the  works,  about  400  yards  to  the  north.  The  section 
was  as  follows  : 

I  ON  DON  Ci  AY   i  Basement  Bed,  lower  part  only,  consisting  of  stratiBed  Sand 

(     and  Clay  ...         ...         ...         ...         ...         ...     4  to  5  t^- 

1  Mottled  crimson,  grey,  and  other  variegated  Clays,  about 

Reading  Beds  <      ^°  ^^  *^°  ^^'    B""  ^"^  white  Sands,  false-bedded  in  places 

*  j      (continuation    of    those    seen    in    Mr.  Jesse's   pit)   not 

(      bottomed      about  10  ft.  exposed 

Some  indurated  sand  resembling  "  sarsen-stone  "  was  seen  in 
the  buff  sands,  which  latter  were  considered  by  Prestwich  to  be 
one  of  the  parent-sources  of  the  "  Sarsens  "  or  "  Greywethers." 
In  this  case,  however,  Mr.  Young  tested  the  stone  and  found  it 
to  be  calcareous. 

In  another  part  of  the  pit  a  mass  of  mottled  clay  was  shown 
in  section  enclosed  in  the  sands,  which  the  Director  considered 
was  probably  due  to  a  "  pipe  "  or  "  swallow-hole  "  in  the  chalk, 
letting  down  the  clay  into  a  funnel-shaped  cavity,  and  thus  causing 
the  slickenside  so  well  shown  on  the  mottled  clay. 

Passing  on  to  Colliei's  Brick  Kilns,  the  mottled  clays  anc? 
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underljring  buff  and  white  sands  were  again  seen,  but  in  a  very 
wavy  or  undulating  condition ;  and  where  one  of  the  steepest 
bends  occurred  several  small  faults  were  shown.  The  general 
dip  of  the  strata  is  to  the  south-east,  consequently  excavations 
which  were  being  made  in  a  north-westerly  direction  were  rapidly 
exhausting  the  capping  of  mottled  clay  and  approaching  the  out- 
crop of  the  underlying  sands. 

Westwood  Kiln,  about  300  yards  to  the  south-west,  was 
next  visited  Nearly  the  whole  section  showed  mottled 
clays,  of  considerable  thickness,  with  buff  sand  cropping  out 
at  their  base.  The  Director  pointed  out  a  marked  feature  in 
the  hill,  a  short  distance  above  the  excavation,  showing  the 
junction  of  the  London  Clay  and  Reading  Beds,  the  Basement 
Bed  of  the  London  Clay  being  10  ft  thick,  containing  blackish 
sands,  etc.  The  latter,  he  added,  was  a  water-bearing  bed,  and 
wherever  exposed,  even  in  very  dry  seasons,  was  generally  found 
in  a  "  weeping  "  condition. 

Leaving  the  brickyard  the  party  walked  by  footpath  in  a  north- 
westerly direction  to  Norcot  kiln,  half-a-mile  distant.  Here  a 
fine  vertical  section  was  exposed,  showing  : 

Drift       ^  Gravel,  pebbly  ;  Flints,  Quartz,  many  rounded  Quartzites  derived 
j      from  Triassic  Conglomerates,  Lydian  Stone,  etc.  about  6  ft. 

Clay,  mottled  brown  and  grey  5  ^^  '^  ^^ 

I  Sand  and   Clay  interstratiBed,  with  white  and 

Basement      I      black  Flint  Pebbles  in  brown  Sand  (in  lower 

Bed.  j      part),  and  casts  of  shells  in  ferruginous  Sand 

(      at  and  near  base         9  ft. 

Reading  i  Clay,  mottled  crimson  and  grey       7  to  10  ft, 

Beds.     |  Sands,  buff  and  white  about  15  ft.  had  been  exposed. 

The  Basement  Bed  of  the  London  Clay  was  well  shown  right 
across  the  section. 

Ascending  the  hill,  the  members  examined  the  above- 
mentioned  gravel,  which  forms  the  Tilehurst  plateau,  here  about 
180  feet  above  the  Thames-level,  or  300  feet  above  Ordnance 
Datum. 

The  party  returned  by  foot-path  to  the  Barracks,  and  thence 
to  the  Vastem  Hotel.  After  tea  a  vote  of  thanks  to  the  Director 
was  proposed  by  the  President,  and  carried  unanimously.  The 
London  members  caught  the  8.30  train,  arriving  at  Paddington 
at  9.15  p.m. 

[It  is  worthy  of  note  that  previous  to  the  year  1896  all  excur- 
sions to  Reading  appear  to  have  been  whole-day  excursions, 
but  on  June  13th  of  that  year  a  half-day  excursion  was  attempted. 
The  sections  visited  were  at  and  near  Katesgrove  and  Waterloo 
brickfields,  south  of  Reading,  and  Mock  Beggars  brickfield  on  the 
east  of  the  town.  This  excursion  proved  a  success,  and  when  in 
the    present    year    Mr.    Llewellyn   Treacher  reported    that  an 
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interesting  and  temporary  section  was  open  to  the  west  of  the 
town,  the  Excursion  Committee  decided  in  favour  of  another 
half-day  excursion  to  Reading.  The  party  numbered  about  26, 
and  the  excursion  may,  therefore,  be  looked  upon  as  a  decided 
success.  These  details  are  mentioned,  as  long-distance,  half-day 
excursions  are  still  somewhat  in  the  nature  of  experiment. 

Horace  W.  Monckton,  Sec,  {Excursions),'] 
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EXCURSION   TO   AYOT    GREEN   AND 
HATFIELD  HYDE. 

Saturday,  May  14TH,  1898. 

Directors:  John  Hopkinson,   F.G.S.,  Assoc.Inst.C.E.,  and 

A.  E.  Salter,  B.Sc,  F.G.S. 

Excursion  Secretary :  W.  P.  D.  Stebbing,  F.G.S. 

(^Report  hy  the  DIRECTORS.) 

The   party   left    King's  Cross  at    1.20  p.m.,  and  by  2  30  th^ 
Directors  were  discoursing  in  Ayot  Brickfield  on  the  strata  thercr 
exposed.     It  was  pointed  out  that  Ayot  Green  is  situated  on  higlm 
ground  (380  ft.  to  406  ft.  O.D.)  between  the  valley  of  the  Lea  and 
that  of  its  affluent  the  Mimram.      The  Lea  rises  near  Houghton 
Regis,  a  little  above  400  ft.  O.D.,  on  the  Luton  Gap,  and  flows 
through  the  town  of  Luton  before  it  enters  Hertfordshire ;  the 
Mimram  makes  its  first  appearance  as  a  pond  at  Whitwell  near 
St.  Paul's  Walden,  scarcely  300  ft.  O.D.,  flows  by  Welwyn  and 
under  the  Digswell  Viaduct  of  the  Great  Northern  Railway,  and 
July,  1898.] 
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joins  the  Lea  at  Hertford.  About  eight  miles  due  north  of  Ayot 
Green,  the  Chalk  Downs  are  breached  by  the  Hitchin  Gap  at 
305  ft.  CD.,  and  it  was  remarked  that  the  next  lowest  gap  on  the 
west  was  that  at  Goring,  i6o  ft.  O.D.,  while  to  the  east,  one 
existed  north  of  Bishop's  Stortford  at  230  ft.  O.D.  The  position 
of  these  gaps  is  regarded  by  Mr.  Salter  as  of  gre&t  importance  in 
all  questions  relating  to  the  origin  of  the  drift  deposits  in  the 
Thajnes  Basin. 

The  geological  structure  of  the  district  was  next  described. 
It  was  pointed  out  that  the  Ayot  Brickfield  is  situated  on  one 
of  the  many  Tertiary  outliers,  resting  on  the  Chalk,  which  fringe 
the  Thames  Basin  both  on  the  north  and  on  the  south.  In 
most  cases,  if  not  in  all,  they  are  capped  by  beds  of  gravel,  to 
the  presence  of  which  their  preservation  may  chiefly  be  ascribed. 
The  outliers  at  Penn  and  Coleshill  between  High  Wycombe 
and  Amersham,  Tyler's  Hill  or  Cowcroft  near  Chesham, 
Bennett's  End,  Hemel  Hempstead,  and  Bernard  Heath, 
St.  Albans,  on  the  north-west  of  the  London  Basin,  may  be  cited 
as  similar  examples,  while  Well  Hill  is  an  example  of  such  an 
outlier  occurring  on  the  south.  Mr.  Hopkinson  drew  attention 
to  the  remarkably  straight  line  formed  by  the  outliers  on  the 
north  by  means  of  a  strip  of  paper  twelve  times  as  long  as  it  was 
wide,  on  which  he  had  drawn  nearly  all  the  outliers  which  extend 
from  Wargrave,  beyond  Maidenhead,  on  the  south-west,  to 
Albury,  near  Bishop's  Stortford,  on  the  north-east,  a  distance  of 
fifty  miles.  They  are  almost  exactly  in  the  line  of  strike  of  the 
Chalk,  and  he  referred  to  the  theory  that  they  mark  a  slight 
deflection  of  the  dip  of  the  underlying  strata,  though,  as  they 
now  form  the  highest  land,  it  was  strange  if  this  line  of  Tertiary 
beds  owed  its  preservation  from  denudation  at  an  early  period, 
as  was  supposed,  to  having  lain  in  a  hollow  in  the  Chalk.  At 
any  rate,  the  existing  outliers  are  probably  fra£;ments  of  a  once 
more-continuous  band,  owing  their  individual  preservation  at  a 
later  period  and  to  the  present  time  to  the  greater  resistance  to 
sub-aerial  denudation  offered  by  the  gravel  by  which  they  are 
mostly  capped,  than  that  of  the  Chalk  by  which  they  are 
surrounded. 

Some  of  these  outliers  are  of  the  Woolwich  and  Reading  Beds 
only ;  others  have  also  upon  these  beds  the  London  Clay,  some- 
times only  its  Basement  Bed.  Here  the  Reading  Beds  consist 
of  sands  with  numerous  clayey  partings.  The  Chalk  below  is 
piped,  and  the  Tertiary  Beds  above  have  been  irregularly  let 
down,  giving  them  quite  a  contorted  appearance  on  the  north  side 
of  the  brickfield,  while  on  the  south  they  are  overlain  by  the 
London  Clay,  and  although  not  here  seen,  we  may  infer  that  this 
clay  has  so  far  prevented  the  percolation  of  water  into  the  Chalk 
that  pipes  are  absent  and  the  Reading  Beds  are  but  little 
disturbed. 
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In  the  Basement  Bed  of  the  London  Clay,  teeth  of  Lamna 
and  casts  of  bivalves  are  to  be  obtained,  but  the  bed  of  flint- 
pebbles  in  which  these  occur  was  nearly  all  covered  up  by  didris. 
The  best  time  to  find  fossils  is  in  winter  when  the  clay  is 
being  dug  out.  This  is  the  lowest  layer  of  the  Basement  Bed. 
There  is  anothei*  thin  layer  of  flint-pebbles  near  the  top  in  which 
oyster-shells  are  occasionally  found. 

Covering  the  Tertiary  Beds  were  seen  Drift  gravels,  which  in 
one  part  are  remarkably  similar  in  composition  to  typical  AVestle- 
ton  Shingle,  and  at  this  point  Boulder  Clay  rests  upon  them, 
containing  erratics  of  a  simpler  character  than  does  the  Boulder 
Clay  at  Hatfield  Hyde. 

In  Griggs'  Wood,  a  little  to  the  north  and  on  rather  higher 
ground,  the  highest  in  the  immediate  neighbourhood,  a  charac- 
teristic section  of  Westleton  Shingle  was  seen,  and  the  simple 
character  of  its  constituents  and  their  similarity  to  those  found  at 
South  Mimms,  High  Bamet,  etc.,  were  pointed  out. 

After  a  pretty  walk  of  three  miles  through  Sherrard's  Park 
Wood,  the  large  excavation  by  the  side  of  the  Great  Northern 
Railway  at  Hatfield  Hyde  was  reached.  Here  about  42  ft.  of 
Glacial  deposits  are  exposed,  consisting  of  the  following : 

{a)  A  thick  bed  (12  ft.)  of  Boulder  Clay  containing  much 
chalk  in  its  lower  part  and  dibris  from  the  Midlands,  e.g.^ 
Gryphseae,  Belemnites,  and  Triassic  and  other  pebbles. 

\b)  About  15  ft.  of  sands,  with  patches  of  gravel  containing 
similar  debris, 

(c)  A  lower  bed  of  Boulder  Clay  i  it.  thick,  similar  in 
character  to  (a). 

(d)  Ochreous  flint-gravel  and  sands  with  Triassic  quartzites 
(about  15  ft). 

(e)  Chalk,  disintegrated. 

This  interesting  section,  which  has  not  before  been  visited  by 
the  Association,  had  been  brought  to  the  notice  of  the  Directors 
by  the  Rev.  H.  G.  O.  Kendall,  M.A.,  who,  assisted  by  the  local 
branch  of  the  Selborne  Society,  had  thoroughly  investigated  the 
pit.  Specimens  which  had  been  carefully  collected  froii\  the 
various  layers  were  displayed  for  inspection.  One  specimen,  of 
polished  Carboniferous  Limestone,  flnely  striated  and  showing 
sections  of  Crinoid  stems,  was  especially  interesting.  The  pit  is 
situated  at  about  290  feet  O.D.,  a  mile  north  of  the  Lea,  and  just 
before  it  takes  a  bend  from  south-east  to  east. 

An  enjoyable  walk  through  the  woods  which  fringe  the  north- 
west corner  of  Hatfield  Park,  in  the  course  of  which  the  Lea  was 
crossed  at  the  point  where  it  is  expanded  into  an  ornamental 
sheet  of  water,  followed  by  tea  at  the  Red  Lion,  Hatfield, 
brought  a  most  successful  excursion  to  a  close. 
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EXCURSION  TO  PENN  AND  COLESHILL,  BUCKS. 

Saturday,  May  2ist,  1898. 

Director:  W.  P.  D.  Stebbing,  F.G.S. 

Excursion  Secretary :  Miss  M.  C.  Foley,  B.Sc. 

(^Report  by  the  DIRECTOR.) 

On  arrival  at  I^ud water  at  3  p.m.,  the  Director  led  the  party 
up  the  hill  S.W.  of  Loudwater  to  some  sections  mapped  "  Glacial 
Drift."  These  openings,  at  about  350  ft.  above  O.D.,  show 
about  7  ft.  of  clayey  gravel  made  up  of  sub-angular  flints,  flint- 
pebbles  from'  the  Eocene  pebble-beds,  and  a  few  boulders  of 
quartz  and  quartzite.  One  particularly  large  quartz  boulder  seen, 
measured  about  2  ft.  x  14  in.  x   12  in. 

Returning  past  the  station,  the  party  next  visited  a  pit  in  a  bed 
of  sand  and  gravel  which  rests  on  the  Chalk  on  the  slope  of  the 
hill  to  the  N.E.  of  Loudwater.  This  pit,  also  mapped  "Glacial 
Drift,"  and  at  about  the  same  height  as  the  former,  shows  strati- 
fied sand  and  gravel,  occurring  irregularly.  The  gravel  consists 
mostly  of  water-worn  material  of  all  sizes ;  large  pebbles  of  quartz 
and  quartzite  are  common,  and  pebbles  of  black  chert  occur. 
The  sand  in  places  is  clayey,  with  thin  seams  of  clay.  At  the 
eastern  end  of  the  pit,  a  pinnacle  of  chalk,  surrounded  by  black 
clay  with  un-rolled  flints,  protrudes  into  the  sand ;  it  has  a  curious 
effect,  but  Mr.  Monckton  thought  that  it  was  merely  part  of  the 
side  of  a  swallow-hole. 

Thence  the  members  walked  to  Tyler's  Green,  passing,  S.  of 
Penn,  the  junction  of  the  Chalk  and  the  Reading  Beds,  which  was 
not  seen,  though  evidence  of  the  presence  of  clay  was  shown  by 
several  small  ponds. 

Penn  is  one  of  the  line  of  Tertiary  outliers  that  runs  nearly  in 
a  north-easterly  direction  from  Greenmore  to  Bennington.     These 
July,  1898.]  24 
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outliers  are  probably  due  to  their  position  along  the  line  of  a  slight 
trough,  which  has  preserved  them  from  denudation. 

At  Tyler's  Green,  which  lies  just  to  the  W.  of  Penn,  a  gravel- 
pit  was  inspected,  by  kind  permission  of  the  Rev.  Mr.  Spencer. 
This  pit,  situate  about  550  ft.  above  O.D.,  shows:  (i)  Brick- 
earth  of  irregular  thickness  un  to  4  ft. ;  (2)  Stratified,  sandy 
gravel  (about  8  ft.  seen),  made  up  of  pebbles  of  flint,  with  a  fair 
proportion  of  small  quartz  pebbles.  There  were  also  a  number 
of  large  sub-angular  flints.  The  pebble-gravel  in  this  pit  is 
supposed  to  be  the  equivalent  of  the  Westleton  Shingle  of 
Prestwich,  but  it  was  thought  by  some  of  the  party  that  if  the 
large  sub-angular  flints  came  from  the  gravel,  it  could  not  be 
Westleton  Shingle. 

As  time  pressed,  Penn  church  and  one  or  two  small  sections 
in  its  vicinity  could  not  be  visited,  and  the  walk  was  continued 
to  Coleshill,  where,  in  March  last,  a  section  about  500  ft.  above 
O.D.,  showing  10  ft.  of  Reading  Beds  (mottled  and  dark  blue 
clay),  capped  by  pebble  gravel,  had  been  seen  by  the  Director  ; 
but  since  that  time  the  pit  had  been  almost  flUed  up,  and  only 
about  2  ft.  of  the  mottled  clay  was  discernible,  covered  by  the 
gravel  (Westleton  Shingle),  which  consists  of  rolled  flint  and 
quartz  pebbles,  small  rolled  pieces  of  puddingstone,  and  much 
flne  quartz.  London  Clay  caps  the  Coleshill  outlier,  but,  as  the 
Director  had  not  seen  or  heard  of  any  open  sections  in  it,  the 
members  made  their  way  without  delay  to  Amersham  for  tea. 
After  tea,  the  President  heartily  thanked  the  Director,  who 
replied,  and  the  party  returned  to  London  by  the  8413  train. 
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Note. — The  Association  is  much  indebted  to  Mr.  Stebbin^ 
for  the  trouble  he  took  in  arranging  this  excursion.  So  far  as  I> 
know,  we  have  not  previously  visited  the  district,  and  the  sections 
seen  were  of  much  interest. — H.W.M. 
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INTRODUCTION. 
I.  Physiography. 

THE  City  of  Birmingham  lies  almost  exactly  in  the  geographical 
centre  of  England  and  Wales.  Its  distance  from  the  three 
Clearest  seaports  on  the  opposite  sides  of  the  island,  Liverpool, 
Bristol  and  Boston,  is  about  eighty-five  miles  in  each  case ;  and 
its  distance  from  London,  Hull,  and  Southampton  is  only  a  few 
miles  more. 

The  region  which  we  denominate  the  "  Birmingham  District," 
is  included  within  a  radius  of  about  thirty-five  miles  from  the  city. 
Within  this  radius  we  have  not  only  the  populous  area  of  the 
Black  Country y  with  the  large  towns  of  Wolverhampton,  Dudley, 
Walsall,  Wednesbury,  and  West  Bromwich ;  but  also  the  more 
distant  towns  of  Worcester,  Malvern,  Wellington,  Stafford, 
August,  1898.]  25 
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Burton-on-Trent,    Leicester,    Nuneaton,   Warwick,    Leamington, 
Taroworth,  Coventry,  and  others. 

The  main  watershed  of  Southern  Britain,  which  divides  the 
rivers  flowing  eastwards  into  the  German  Ocean  from  those  which 
flow  westwards  into  the  Irish  Sea  and  the  Bristol  Channel,  runs 
obliquely  through  the  centre  of  the  Birmingham  District  from 
north-west  to  southeast.  This  watershed  enters  upon  the 
District  near  the  town  of  Newport  in  Shropshire,  crosses  the 
south-western  portion  of  the  Black  Country  obliquely  along  the 
line  of  the  Dudley  Hills,  and  sweeps  in  a  sinuous  course  across 
the  Midland  plain,  south  of  Birmingham  and  north  of  Coventry,  to 
the  head  waters  of  the  Avon  beyond  Lutterworth.  The  land  to 
the  north  and  east  of  this  line  lies  within  the  basin  of  the 
Trent ;  that  to  the  west  and  south  within  the  basin  of  the  Severn. 

The  Trent  itself  merely  crosses  the  central  parts  of  the 
northern  section  of  the  District,  in  its  course  from  Stafford  to 
Derby  round  the  southern  flanks  of  the  Pennine  Chain;  but  three 
of  its  tributaries  are  of  special  importance  in  the  drainage  of  the 
Birmingham  District.  Of  these  the  chief  is  the  Tame^  which 
rises  in  the  Black  Country,  flows  immediately  north  of  Birming- 
ham, and  drains  with  its  many  affluents  all  the  land  lying  between 
the  Black  Country  and  Charnwood  Forest.  A  second  tributary, 
the  Soar,  drains  the  region  lying  east  and  south  of  the  Forest, 
and  a  third,  the  Pertk,  the  area  lying  north-west  of  the  Black 
Country. 

The  Severn  enters  the  Birmingham  District  through  the  gorge 
of  Coalbrookdale,  and  its  deep  river  valley,  widening  greatly 
as  it  is  followed  to  the  south,  sweeps  in  a  gentle  curve  through 
the  western  parts  of  the  district,  out  of  which  the  Severn  passes 
between  Worcester  and  the  Malverns,  on  its  course  to  the  Bristol 
Channel.  Several  tributary  streams,  such  as  the  fVorf 
and  the  Stour,  run  in  sub-parallel  courses  west  of  the  Black 
Country,  and  empty  their  waters  into  the  Severn ;  but  the 
tributary  which  plays  the  most  important  part  in  the  physiography 
of  the  land  is  the  Warwickshire  Avon,  This  drains  the  whole 
of  the  south-eastern  division,  and  next,  perhaps,  to  the  Tame, 
may  be  said  to  be  the  characteristic  river  of  the  Birmingham 
District. 

It  is  the  habit  of  geographers  to  speak  of  the  Birmingham 
area  as  forming  the  heart  of  the  so-called  Great  Midland  Plain 
of  England  and  Wales.  But  only  in  a  general  and  relative  sense 
is  this  description  accurate ;  for,  considered  as  a  whole,  the  Bir- 
mingham District  is  by  no  means  plain-like.  It  may  rather  be 
defined  as  including  those  central  and  higher  parts  of  the  diversified 
Midland  areas  from  which  radiate  the  three  chief  river-plains  of 
England — the  plain  of  the  Mersey  and  Dee  to  the  north-west,  the 
plain  of  the  Trent  and  Humber  to  the  north-east,  and  the  plain  of 
the  Avon  and  Severn  to  the  south-west.     Generally  speaking,  the 
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Birmingham  District  is  a  land  of  gentle  heights  and  open  valleys ; 
its  numberless,  broad,  mound-like  hills  are  divided  from  each 
other  by  wide  stream  valleys,  which  are  usually  just  deep  enough 
to  give  point  and  character  to  the  swelling  grounds  between. 

The  watershed  which  divides  the  basins  of  the  Severn  and 
Trent,  and  forms  what  may  be  called  the  natural  geographical 
axis  of  the  district,  is  by  no  means  a  prominent  feature  in  its 
physiography.  Only  for  a  few  miles,  about  midway  along  its 
course,  namely  between  Sedgley  and  Rubery,  does  it  coincide 
with  a  chain  of  heights  or  even  form  a  dominant  feature  in  the 
landscape.  Here^  however,  the  watershed  runs  along  the  summits 
of  a  conspicuous  range  of  hills  —including  those  of  Sedgley,  the 
Wren's  Nest,  Dudley  Castle  Hill  and  Rowley — a  range  which  crosses 
the  South  Staffordshire  Coalfield  obliquely  from  side  to  side,  and  is 
continued  to  the  south-eastward  along  the  rolling  heights  east  of 
Halesowen  into  the  wedge-tike  chain  of  the  Lower  Lickeys. 
Elsewhere  the  Midland  watershed  wanders  vaguely  and  irregularly 
across  the  District  from  one  broad  swell  to  another,  and  nowhere 
does  it  rise  to  a  greater  height  than  some  800-900  it.  above  the 
level  of  the  sea. 

Along  the  south-eastern  limits  of  the  Birmingham  District 
sweep  the  Jurassic  scarps  and  terraces  of  the  Cotteswold  and  Edge 
Hills.  These  gradually  decline  in  height  as  they  are  followed  to 
the  north-east  from  Cheltenham,  past  Harbury  and  Rugby  to 
Leicester  and  Loughborough  ;  while  just  inside  the  district  itself, 
and  running  parallel  with  these  scarps,  we  have  the  soft  river 
valleys  of  the  Soar  and  the  Avon.  The  former  opens  into  the 
plain  of  the  Trent,  near  Stoke  and  Nottingham,  the  latter  merges 
into  the  plain  of  the  Severn  between  Tewkesbury  and  Gloucester. 

Along  the  west  of  the  district  rise  the  broad  uplands  of  Here- 
ford and  Shropshire,  with  the  conspicuous  points  of  the  Wrekin 
to  the  north-west,  the  Clee  and  the  Abberley  Hills  near  the 
centre,  and  the  long,  narrow  ridge  of  the  Malverns  to  the  south- 
west. Shutting  off  this  upland  region  from  the  Birmingham 
District  proper  runs  the  most  striking  and  continuous  of  the 
Midland  depressions — the  long  and  deep  groove  formed  by  the 
valley  of  the  Severn. 

Into  the  north  of  the  district  project  the  southern  spurs  of  the 
Pennine  Range,  round  which  swings  in  a  long  semicircle  the  broad 
river-valley  of  the  Trent.  To  the  extreme  north-east  the  ground 
sweeps  upwards  from  the  rolling  plains  around  into  the  bold  and 
breezy  upland  region  of  Charnwood  Forest,  whose  culminating 
point  of  Bardon  Hill  (902  ft.)  overlooks  the  whole  of  the  eastern 
half  of  the  Birmingham  District. 

Inside  the  Birmingham  District  itself  the  physiography  is 
somewhat  more  complicated.  The  core  of  the  western  half 
of  the  district  is  formed  by  the  South  Staffordshire  Coalfield, 
which  is  crossed   by    the    conspicuous    range  of  the    Dudley 
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Hills,  already  mentioned.  Except  for  this  dividing  ridge,  the 
ground  within  the  coalfield  is  more  or  less  low  and  plain-like, 
and  the  countless  mines,  chimneys,  straggling  villages  and  towns, 
usually  all  shrouded  in  a  pall  of  smoke  and  steam,  have  conferred 
upon  it  the  well  deserved  title  of  the  "  Black  Country." 

This  Black  Country  is  surrounded  by  an  almost  continuous 
frame  or  border  of  high  ground,  the  steeper  scarps  of  which  are 
turned  inwards  toward  the  centre  of  the  coalfield,  and  the  more 
gentle  slopes  outwards  toward  the  open  plains  beyond.  The  highest 
parts  of  this  hilly  framework  he  on  the  extreme  south  of  the 
coalfield,  where  they  form  the  long  and  continuous  chain  of  the 
Lickey  and  the  Clent  Hills ;  which  rise  near  their  south-eastern 
extremity  in  the  Bromsgrove  Lickey  to  a  height  of  about  900  (t. 
above  sea  level,  and  in  the  Clent  Hill,  near  their  north-western 
termination,  to  a  height  of  1,028  ft.  East  of  the  coalfield  the 
hilly  framing  is  formed  by  what — for  want  of  a  belter  name — 
we  may  term  the  Birmingham  Plateau.  This  ranges  northward 
from  Frank  ley  Beeches,  near  the  Lower  Lickey,  almost  to  the 
valley  of  the  Trent,  near  Rugeley.  Its  highest  point  is  Barr 
Beacon  (710  ft.),  which  overlooks  the  central  parts  of  the  coal- 
field. Upon  this  plateau,  which  is  locally  several  miles  in 
breadth,  stand  Birmingham  and  its  dependencies,  the  town  of  Sutton 
Coldfield,  and  the  city  of  Lichfield.  The  rolling  surface  of  the 
plateau  is  often  richly  wooded,  and  is  in  striking  contrast  with 
the  barren  Black  Country  to  the  west.  Along  the  western  side  of 
the  Coalfield  the  marginal  framing  of  hills  is  less  continuous.  To 
the  northward,  however,  it  becomes  again  almost  as  conspicuous 
as  on  the  south,  and  rises  to  heights  of  from  779  to  787  ft.  above 
the  level  of  the  sea  in  the  wild  upland  district  of  Cannock  Chase. 

Turning  next  to  those  parts  of  the  Birmingham  District  which 
lie  outside  the  limits  of  the  South  Staffordshire  Coalfield  and  its  hilly 
margin,  we  find  that  to  the  west  of  the  Black  Country  the  surface 
of  the  district  is  remarkably  varied.  Long  and  conspicuous 
ridges,  divided  by  narrow  river  valleys  and  ranging  more  or  less 
parallel  with  the  western  edge  of  the  coalfield,  follow  one  behind 
the  other,  mile  after  mile,  until  the  series  is  closed  at  last  by  the 
main  valley  of  the  Severn.  To  the  south  of  the  coalfield  the  Clent 
and  Lickey  Hills  look  out  far  and  wide  over  the  conjoined  plain 
formed  by  the  Lower  Avon  and  Severn  toward  the  distant  heights 
of  the  Malverns  and  Cotteswolds.  East  of  the  Birmingham  Plateau 
the  surface  of  the  country  dies  down  gently  into  a  broad  area  of 
softly-rolling  ground — the  site  of  the  old  Forest  of  Arden — ranging 
from  Tamworth  on  the  north,  past  Solihull,  Coleshill,  and  Henley- 
in-Arden  to  Stratford  on  the  south,  and  watered  by  the  many 
brooklets  tributary  to  the  Tame  and  the  Avon. 

The  physiography  of  the  eastern  half  of  the  Birmingham 
District  is  far  less  pronounced  than  that  of  the  western  half 
already  described.     A  long  and  low  swell  of  high  ground  fills  up 
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the  country  lying  between  Tamworth  and  Coventry,  Atherstone 
and  Kenilworth,  but  nowhere  attains  an  elevation  of  more  than 
570  ft  (High  Ash)  and  580  ft.  (Bentley  Wood)  above  the  level  of 
the  sea.  Still,  farther  to  the  eastward,  a  gently  rolling  country, 
very  similar  in  its  characters  to  that  of  the  Forest  of  Arden, 
occupies  all  the  ground  between  Nuneaton  and  Leicester,  and 
forms  the  so-called  plain  of  Central  Leicestershire. 


II.— Geology. 

One  of  the  most  salient  and  best-known  features  in  the 
general  geology  of  Britain  is  afforded  by  the  fact  that  the  outcrops 
of  its  geological  formations  form  a  series  of  sub-parallel  bands 
which  range  across  the  island  in  a  S.W.  and  N.E.  direction  from 
sea  to  sea.  In  England,  however,  this  orderly  succession  of 
parallel  bands,  which  is  the  result  of  the  general  south-easterly 
inclination  of  the  strata  of  the  successive  geological  systems,  is 
twice  rudely  interrupted.  These  interruptions  are  due  to  the 
existence  of  two  grand  anticlinal  forms,  which  have  had  the 
effect  of  splitting  the  outcrop  of  some  of  the  formations 
into  two  distinct  arms,  one  of  which  follows  the  usual  south- 
west and  north-east  course,  while  the  second  proceeds  in  an 
entirely  different  direction.  Where  the  two  arms  unite,  the 
superficial  breadth  of  the  outcrop  of  the  geological  formation 
which  is  affected  is  practically  doubled  for  the  time,  and  we  have 
the  widest  spread  of  scenery  which  is  typical  of  that  formation. 

The  first  of  these  anticlines  is  that  of  the  Weald,  which 
ranges  east  and  west  through,  the  south-east  of  England.  This 
anticline  adds  a  long  east  and  west  arm  of  Upper  Cretaceous  to 
the  ordinary  S.W.  and  N.E.  outcrop  of  the  rocks  of  the  system. 
Where  the  two  arms  of  the  Chalk  unite  in  North  Hampshire  and 
Wiltshire  we  have  the  broadest  expanse  of  Cretaceous  outcrop 
and  the  widest  spread  of  typical  Chalk  scenery,  in  tlie  dry  and 
rolling  expanse  of  Salisbury  Plain. 

The  second  and  even  more  important  anticline  of  Southern 
Britain  is  that  of  the  Pennine  Range,  which  runs  north  and 
south  from  the  Cheviots  of  the  Scottish  Borderland  to  Derby  in 
Central  England.  This  anticline  takes  its  greatest  effect  on  the 
outcrop  of  the  Triassic  system — the  typical  system  of  Central 
England.  The  ordinary  outcrop  of  this  system  is  split  by  the 
Pennine  axis  into  two  main  arms,  one  of  which  is  prolonged  more 
or  less  in  the  original  N.E.  direction  across  Nottingham  and 
Yorkshire  to  the  mouth  of  the  Tees ;  while  the  other  is  turned 
sharply  to  the  north-westward,  and  is  prolonged  through  Cheshire 
and  Lancashire  to  the  valley  of  the  Solway. 

Where  the  two  arms  of  the  Triassic  outcrop  unite,  south  of  the 
anticlinal  of  the  Pennines,  the  Triassic  system  attains  its  widest 
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geographical  extension  in  Southern  Britain.  It  here  presents  us 
with  its  most  varied  and  characteristic  scenery,  and  constitutes 
the  very  heart  of  the  English  Midlands.  The  width  of  this 
expanse  of  Triassic  surface,  along  a  line  drawn  east  and  west  a  few 
miles  north  of  I^icester  and  Shrewsbury,  is  fully  fifty  miles.  As 
we  pass  southwards,  however,  the  width  rapidly  decreases,  until, 
when  we  reach  the  neighbourhood  of  Worcester  and  Gloucester, 
some  fifty  or  sixty  miles  to  the  south,  the  diameter  of  the  Triassic 
outcrop,  between  the  Palaeozoic  strata  to  the  west  and  the  Liassic 
strata  to  the  east,  is  less  than  ten  miles. 

This  grand  triangular  spread  of  Triassic  rocks  is  almost 
completely  included  within  the  limits  of  the  Birmingham  district ; 
so  that  the  Triassic  is  not  only  the  dominant  and  characteristic 
geological  system  of  the  District  itself ;  but  constitutes,  as  it  were, 
the  natural  geological  datum  to  which  all  the  more  salient 
phenomena  in  its  geology,  its  scenery,  and  its  economics  are  most 
naturally  referred. 

To  the  westward  this  sheet  of  Triassic  rocks  rests  uncon- 
fonnably  upon  the  edges  of  the  Palaeozoic  formations,  the  Silurian, 
Old  Red  Sandstone,  Permian,  etc.,  along  an  irregular  line  running 
more  or  less  north  and  south  from  Lilleshall,  down  the  valley  of 
the  Severn,  to  the  eastern  flanks  of  the  Abberley  and  Malvern 
Hills.  Eastward  and  south-eastward  the  highest  Triassic  strata 
pass  up  conformably  through  a  thin,  but  well-marked  develop- 
ment of  the  Rhaetic  formation,  into  the  basement  beds  of  the 
Jurassic,  the  line  of  junction  following  a  general  north-east  and 
south-west  course  from  Loughborough,  Leicester,  Rugby,  Harbury, 
Stratford,  and  Droitwich,  to  Tewkesbury  and  Gloucester. 
Northward,  the  Triassic  sheet  laps  round  the  southern  edge 
of  the  Pennine  anticline,  as  already  described,  reposing  uncon- 
formably  upon  the  Permian  and  Carboniferous  rocks. 

The  outcrops  of  the  strata  of  the  Triassic  System  within  the 
great  triangular  area  thus  limited,  unlike  those  of  the  newer 
Jurassic  rocks  to  the  east,  do  not  form  a  continuous  and 
unbroken  expanse ;  for  the  rocks  of  the  system  have  been 
bent  up  by  several  subordinate  anticlinal  forms,  from  the 
crests  of  which  the  originally  overlying  Triassic  strata  have  been 
denuded,  and  the  underlying  Palaeozoic  rocks  laid  bare.  It  is 
true  that  the  great  Pennine  anticline  which  divides  the  main 
outcrop  to  the  northward  appears  to  die  away  suddenly  in  the 
valley  of  the  Trent ;  but  in  its  stead  there  arise  four  minor 
anticlinal  forms,  the  axes  of  which  radiate,  as  it  were,  like  a 
pencil  of  rays  from  the  southern  extremity  of  the  Pennines,  and 
these  traverse  and  warp  up  the  great  spread  of  Triassic  in  the 
Birmingham  District  to  the  south. 

The  first  of  these  anticlinal  forms  is  that  of  the  Wrekin, 
which  proceeds  to  the  south-westwards  through  the  Trias  of 
Cheshire    and    N.   Staffordshire    into   the   Wrekin    Hills,   near 
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Wellington,  and  is  continued  through  Central  Shropsh; 
Hereford  and  South  Wales.  The  second  is  that  o(  South  t 
shirCj  which  ranges  nearly  north  and  south  from  the  P< 
through  Cannock  Chase,  Dudley,  and  the  Lickey  Hills  ; 
Jurassic  strata  of  Worcester  and  Gloucester.  The  thirc 
of  East  Wanvickshire^  which  is  most  conspicuous 
central  parts  of  the  district  between  Tamworth  and  C< 
The  fourth  is  the  irregular  dome  of  Charnwood  and 
which  traverses  the  country  lying  between  Derh 
I^eicester. 

From  the  crests  of  each  of  these  four  anticlines  the 
rocks,  etc.,  have  been  denuded,  and  the  workable  Coal  W 
laid  bare.  In  the  Wrekin  area  we  have  the  Coalfields  c 
brookdaU  and  the  Forest  of  Wyre.  The  rise  of  the 
Staffordshire  anticline  has  brought  to  the  surface  the  ric 
Measure  area  of  the  South  Staffordshire  Coalfield.  Tl 
Warwickshire  Coalfield  forms  a  part  of  the  East  Warw 
anticline,  and  the  Coalfield  of  Leicestershire  is  connect 
the  denuded  anticline  of  Charnwood  and  Ashby. 

The  long  and  narrow  range  of  the  Abberley  and  I 
Hills,  which  runs  almost  exactly  north  and  south  ale 
south-western  boiders  of  the  Birmingham  District,  m 
regarded  as  constituting  a  fifth  anticlinal  form  ;  but  it  lies 
outer  margin  of  the  district  and  forms  the  extreme 
boundary  of  the  Trias  in  the  Midland  area.  Like  th 
anticlines  of  the  district,  however,  this  fifth  one  is  marked 
occasional  presence  of  workable  Coal  Measures. 

In  all  these  Midland  anticlines,  bands  and  patches 
called  Permian  strata,  often  of  remarkable  characters, 
intervene  between  the  Coal  Measures  and  the  envelopin 
of  Triassic  strata.  These  Permian  rocks  sometimes  cov< 
areas  of  country,  as  in  the  district  between  Tamwor 
Coventry,  and  elsewhere. 

The  post-Triassic  denudation  along  the  crests  of  thes 
land  anticlines  has,  in  the  majority  of  cases,  not  onl 
sufficient  to  lay  bare  the  Permian  strata,  and  the  un( 
Carboniferous  rocks  which  constitute  the  Midland  Coalfie 
it  has  often  been  carried  to  such  an  extent  as  to  swee 
large  areas  of  the  Coal  Measures  themselves  and  to  exp 
older  geological  formations,  even  in  some  instances  the  A 
or  basement  rocks  of  the  geological  scale. 

Along  the  Wrekin  and  its  connected  anticlinal  forms 
the  Severn  not  only  is  the  Trias  wholly  wanting,  but  t 
tinuous  expanse  of  Carboniferous  strata,  which  once  se 
have  overspread  that  region,  is  now  reduced  to  a  narn 
irregular    outcrop    ranging    down    the    valley    of     the 
from  Coalbrookdale  to  Stourpoi-t,  and  to  a  few  isolated 
resting   upon   the   Old  Red  Sandstone  strata    high  up 
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summits  of  the  Clee  Hills.  On  the  flanks  of  the  Wrekin, 
Malvern,  and  Abberley  Hills  themselves  erosion  has  laid  bare  the 
Silurian  and  the  Cambrian,  and  in  their  inner  cores  a  great  thick- 
ness of  pre-Cambrian  igneous  and  metamorphic  rocks. 

The  anticline  of  the  South  Staffordshire  Coalfield  has  brought 
to  the  surface  the  Silurian  at  Dudley  and  Walsall ;  and  the  Silurian, 
Cambrian,  and  Archaean  in  the  Lower  Lickey  Hills.  The  Triassic 
and  Carboniferous  rocks  of  East  Warwickshire  have  been  stripped 
from  the  Cambrian  and  pre-Cambrian  rocks  of  Nuneaton 
and  Caldecote.  Finally,  in  the  upland  district  of  Charnwood 
Forest  the  flat-lying  Keuper  Marls  have  been  denuded  from  off 
the  higher  grounds,  exposing  many  remarkable  inliers  of  steeply- 
dipping  Archaean  rocks. 

But,  great  as  this  post-Triassic  denudation  has  been,  the 
proportion  of  the  surface  of  the  Birmingham  District  occupied  by 
outcrops  of  strata  older  than  the  Carboniferous  is  relatively  small. 
If  we  except  the  Palaeozoic  region  lying  to  the  west  of  the 
Severn,  the  pre-Carboniferous  rocks  of  the  Midlands  are  restricted 
to  very  small  areas  of  country,  and  occur  only  in  long  bands  less 
than  a  couple  of  miles  in  width — as  in  the  Malverns,  the  Abberleys, 
the  Lickeys,  and  at  Hartshill ;  or  they  are  met  with  in  small  hill 
ranges  surrounded  by  broad  expanses  of  newer  rocks,  as  in  the 
hills  of  Dudley  and  in  Charnwood  Forest. 

THE  LOCAL  ROCK  FORMATIONS. 

If  we  regard  the  Birmingham  district  as  extending  in  the  one 
direction  to  the  Stretton  country,  and  in  the  other  to  the  town  of 
Northampton,  the  geological  formations  within  its  limits  embrace 
the  entire  geological  succession  between  the  pre-Cambrian  and 
the  Inferior  Oolite.  Two  rock  systems,  however,  are  wanting  in 
the  central  and  eastern  parts  of  the  district,  namely,  the  Ordovician 
and  Old  Red  Sandstone.  The  outcrops  of  Ordovician  strata  which 
lie  nearest  to  Birmingham  occur  in  Central  Shropshire,  about  45 
miles  north-west  of  the  city  ;  and  the  nearest  exposures  of  the  Old 
Red  Sandstone  are  met  with  in  the  Shatterford  district,  near 
Enville,  some  18  miles  to  the  south-west. 

The  formations  recognised,  and  the  localities  where  their 
strata  are  displayed,  are  given  in  the  following  table  : 

Table  of  the  Geological  Formations  of  the 

Birmingham  District. 

Mesozoic  Rocks. 

Oolite      ...         ...     Inferior  Oolite    ...         ...  Daventry. 

Lias  ...         ...     Utper  Lias  Clays  ...  Daventry,  Catesby. 

MtddU  Lias  (Marlstone)  Edgehill,  Daventry. 

Lower  Lias  Clays  ...  Harbury,  Rugby,  etc. 


324 


C.    LAPWORTH   ON   THE 


RHwBTIC    ... 


Trias 

(rPPER  TRIAS 
or  KEIPKR)  ... 


Upper  Keuper  Marls  ... 
Upper  Keuper  Sandstone 
Lower  Keuper  Marls     ... 


Waterstones     or     Lower 
Keuper  Sandstones, 


(LOW'KR  TRIAS  or 

BUNTER)      ...     Upper  VariegaUd  Sand- 
stone, 


Pebble  Beds  (or  Bunter 
Conglomerate'), 


Lower  Mottled  Sandstone 


Harbury,  Wootton  Wawcn, 
Knowle,  Leiceiter,  Barrow, 
Needwood  Forest. 


Leamington,  Stratford,  Wor- 
cester. 

Henley  -  in  -  Arden,  Shrew- 
ieVf  Leicester. 

Droitwich,  Stoke  Prior, 
Redditch,  Moseley,  Aiher- 
stone,  Leamington,  Penk- 
ridge,  Bednall,  Burton - 
upon-Trent. 

Birmingham,  Lichfield,  Sut- 
ton Coldfield,  Tam- 
worth,  Coventry,  Warwick, 
Bromsgrove,  Haelev, 

Stourbridge,  Tettennall, 
Penkridge,  Rugeley. 

Burcot,  Catshill,  Stourbridge, 
Pcnley,  Claverley,  Har- 
borne,  Edgbaston,  Aston, 
Shenstone. 

Bromsgrove  Lickey,  Smeth- 
wick,  Barr,  Sutton  Park, 
Cannock  Chase,  Shifnal, 
Overseal,  Kidderminster. 

Enville,  Bridgenorth,  Shifnal. 


Paleozoic  Rocks. 


Permian  ... 


Carboniferous... 


Upper  Permian  Sandstone 
Middle  Permian  and  Per^ 
mian  Breccia, 

Permian  lied  Sandstones^ 
Marlsy  and  Conglomer- 
ates, 


Upper  Coal  Measures^ 
with  Spirorbis  Lime- 
stone Group. 

Lower  Coal Measures^-wxih. 
workable  coal  seams. 


Millstone  Grit    ... 
Carboniferous  L  imestone, , , 


N.E.  of  Enville,  Bobbington. 

Clent  Hills,  Romsley  Hill, 
Stourbridge,  Stourpori, 
Abberley,  Malvern s. 

Coventry,  Kenil worth,  Cor- 
ley,  West  Bromwich,  Brand 
Hall,  Bagg^ridg^  Wood, 
BushbuiTt  Bridgenorth, 
Shifnal,  St.  Kenelms. 

Stockingford,  Arley,  Kings- 
bury, Halefowen,  Forest 
of  Wyre,  Coalbrookdale. 

Leicestershire  Coalfield^  Ashby, 
Coalville,  Moira.  East  War- 
wickshire Coaijield^  Bed- 
worth,  Stockingford,  Poles- 
worth.  5",  Staffordshire 
Coalfield,  Dudley,  Oldbury, 
Pelsall,  Hednestord.  Fonst 
of  Wyre  Coalfield,  Kinlet. 
Coalbrookdale  Coalfield, 

Coalbrookdale. 

Ashby,  Coalbrookdale,  and 
Clee  Coalfields  only. 

Clee  Hills,  Coalbrookdale, 
Wrekin,  Bredon. 
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Old    Red   Sand- 
Stone  ■•■        ... 

Silurian 


Luihw  Skalis  and  Limg- 

s/onfs. 
Wtnlock    Limes  ton*    and 

Skalis, 

Woolhopi  Beds  ... 

Upper      Llandovery      or 
May  HtU. 


Ordovician 


Cambrian 


Cambrian  SAaies 


Cambrian  Quartsiie^  etc. 


Pre-Cambrian  or 

ARCHi£AN 


Intrusive    Igne- 
ous Rocks 


Cleobury    Mortimer,   Abber- 

ley,  ^batterford  (absent  in 

centre  and  east  of  district). 
Sed&rley  Hill.Abberley  Hills, 

Malvems. 
Dudley  Castle  Hill,  Wren's 

Nest,    Walsall,    Malverns, 

Abberley. 
Rubery,  Barr,  Kendal  End, 

Abberley,  Malvern. 
Malvern  and  Abberley  Hills, 

Lickey  Hills,  Rubery,  Barr, 

Coalbrookdale. 
Onnv      River,     Cardington 

(absent  at  the  surface  except 

in  Central  Shropshire). 
Stockin^ord    and  Merevale, 

Wrekm,    Shineton,   South 

Malvems,  Dosthill. 
Hartshill,  Nuneaton,  Lickeys, 

Wrdtin,  Malvern  Hills. 

Malvern  Hills,  Chamwood 
Forest,  Caldecote,  Bamt 
Green,  Wrekin,  and  Ercall. 


of  various  geological  ages    Malvern    Hills,   Clee    Hills, 

Rowley  Regis,  Pouk  Hill, 
Atherstone,  Griff,  Sapcote, 
Markfield,  etc 

Although  Ordovician  strata  are  not  certainly  known  to  occur 
at  the  surface  within  the  limits  of  the  Birmingham  District,  except 
near  the  western  edge,  it  is  possible  that  some  of  the  members  of  the 
system  once  existed  in  sM  within  it.  Pebbles  of  Ordovician  rocks, 
with  fossils  of  species  similar  to  those  of  the  arenaceous  members 
of  the  French  succession  of  Brittany  and  Normandy  (Armorican 
Sandstone  and  Grh  de  May),  are  occasionally  met  with  in  the 
Bunter  Pebble  Beds  of  the  Midlands,  as  in  the  case  of  the 
corresponding  Pebble  Beds  of  Budleigh  Salterton.  The  Old  Red 
Sandstone  of  the  western  parts  of  the  district,  as  a  general  rule, 
retains  its  well-known  Herefordshire  characters  throughout  those 
areas  where  it  occurs.  From  the  following  detailed  descriptions 
of  the  various  geological  formations  which  are  met  with  in  the 
District  references  to  the  Ordovician  and  Old  Red  Sandstone  are 
omitted. 

Archaean  or  Pre-Cambrian. 

The  ancient  rocks  which  form  what  may  be  termed  the 
"basement"  of  the  Birmingham  district,  and  underlie  all  the 
fossil-bearing  geological  formations  are,  for  the  most  part, 
hidden  from  sight  by  these  overlying  formations.  In  a  few  areas, 
however,  the  formerly  overlying  rocks  have   been  swept  away 
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by  denudation,  and  the  fundamental  rocks  of  the  basement  floor 
laid  bare.  These  exposures  occur  only  along  the  axes  of  some  of 
the  chief  anticlinal  forms,  and  they  are  for  the  most  part  of  in- 
significant extent.  Three  of  the  areas  of  fundamental  rocks, 
namely,  those  of  (i)  The  Malvern  Hills^  (2)  The  Wrekin  Hills, 
(3)  Charnwood  Forest ,  include  the  highest  points  of  the 
Birmingham  district,  but  they  lie  along  its  outer  margins.  The 
Malvern  Hills  rise  along  the  extreme  south-western  border  of  the 
Birmingham  district ;  the  Wrekin  Hills  lie  just  within  the  limits 
of  the  district  to  the  extreme  north-west;  while  the  hills  of 
Charnwood  Forest  practically  form  its  north-eastern  extremity. 
Only  two  exposures  of  these  Basement  Rocks  occur  well  within 
the  borders  of  the  district  itself,  namely,  the  inlier  of  (4)  Caldecote, 
which  lies  along  the  north-eastern  edge  of  the  Cambrian  area  of 
Nuneaton,  and  (5)  the  inlier  of  Barnt  Green,  which  lies  at  the 
south-eastern  extremity  of  the  Lower  Lickey  Hills. 

Of  late  years  it  has  been  the  general  practice  of  Midland 
geologists  to  group  all  the  Basement  Rocks  exposed  in  these 
inliers  as  of  Archaean  (or  pre-Cambrian)  age  ;  and  there  can  be 
little  question  that  this  view  of  their  high  geological  antiquity 
is  that  which  best  accords  with  the  known  stratigraphical 
phenomena.  The  lowest  Cambrian  of  the  West  of  England  and 
the  Midlands,  as  developed  in  the  Wrekin-Caradoc  area,  is  made 
up  of  a  thick  sheet  of  quartzite  ( Wrekin  Quartzite)  graduating 
through  some  shaly  and  calcareous  beds  into  a  thinner  sheet  of 
grit,  the  HoUybush  Sandstone.  The  Basement  Rocks  of  the 
inlier  of  the  Wrekin  underlie  this  Cambrian  Quartzite  uncon- 
formably,  and  their  pre-Cambrian  age — first  suggested  by  Dr. 
Callaway — has  long  been  acknowledged.  Again,  the  HoUybush 
Sandstone  rests  upon  the  Basement  Rocks  of  the  Malvern  Hills, 
and  its  lowest  zone  contains  well-rounded  pebbles  derived  from 
their  ruins,  so  that  the  correctness  of  the  view  of  their  Archasan 
age — first  asserted  by  Dr.  Holl — is  now  generally  conceded.  The 
Basement  Rocks  of  the  Caldecote  inlier  rise  out  from  below  the 
Hartshill  Quartzite  of  Nuneaton — which  is,  in  all  probability,  con- 
tinuous with  the  Cambrian  Quartzite  of  the  West  of  England — so 
that  these  Caldecote  Rocks  are  most  naturally  to  be  regarded  as 
the  equivalents  of  those  Archsean  Rocks  which  rise  from  below 
the  Quartzite  of  the  Wrekin.  The  Basement  Rocks  of  Barnt 
Green  appear  to  hold  a  corresponding  relationship  to  the 
Cambrian  Quartzite  of  the  Lower  Lickey  Hills,  and  may  be 
looked  upon  as  in  all  likelihood  of  Archaean  age  upon  similar 
grounds.  On  the  other  hand,  however,  the  Basement  Rocks 
of  the  Charnwood  area  are  surrounded  on  all  sides  by  Trias,  so 
that  no  stratigraphical  proof  is  forthcoming,  in  their  case, 
of  so  high  a  geological  antiquity.  The  lithological  peculiarities 
of  these  Charnwood  Rocks,  however,  ally  them  more  to  the 
Archaean  Rocks  of  the  pre-Cambrian  inliers  already  mentioned 
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than  to  any  of  the  Cambrian  or  post-Cambrian  strata,  and 
Midland  geologists  have  long  since  accepted  Prof.  Bonney*s  view 
that  they  are  almost  certainly  of  Archaean  age.  Without  entering 
into  details  of  correlation  it  maybe  stated  that  the  Charn  wood  Rocks 
here  are  theoretically  paralleled  with  the  Lower  Longmyndian 
and  its  volcanic  equivalents,  and  the  Caldecote  Rocks  with  the 
Upper  Longmyndian  and  Uriconian. 

(i)  Malvern  and  Abberley  Hills. — The  ancient  rocks  forming 
the  core  of  the  Malvern  Hills  have  been  so  frequently  described 
by  geologists  that  they  call  merely  for  a  brief  notice  in  this 
place.  They  occupy  a  very  narrow  strip  of  country  about  eight 
miles  in  length,  and  less  than  half  a  mile  in  breadth  ;  but,  owing 
to  their  highly  resistant  nature,  they  stand  boldly  out  as  a  highly 
picturesque,  wedge-like,  mountain  ridge  which  rises  to  a  height  of 
from  500  to  1,000  ft.  above  the  Severn  plain  at  its  eastern  base, 
and  culminates  at  a  height  of  about  1,395  ^(*  i"  ^^  point  known 
as  the  Worcestershire  Beacon,  near  the  northern  extremity  of 
the  range. 

The  main  body  of  rock  of  which  the  core  of  the  Malvern 
Hills  16  composed  is  crystalline,  and  locally  gneissic  and  schistose. 
It  was  originally  described  by  Prof.  Phillips  as  a  "syenite,  associated 
with  beds  of  a  syenitic  composition,  but  of  bedded  and  even 
•  gneissic  *  structure,"  and  he  showed  how  it  was  pierced  by 
numberless  dykes,  both  of  acid  and  of  basic  types.  It  is  covered 
unconformably  in  the  neighbourhood  of  Raggedstone  Hill  to 
the  south-east  by  the  basal  bed  of  the  Hollybush  Sandstone 
(Lower  Cambrian).  It  was  consequently  claimed  by  Dr.  Holl 
<as  early  as  1865)  to  be  of  Laurentian  or  Archaean  age.  On  the 
western  flanks  of  the  range,  at  the  locality  of  Herefordshire 
Beacon,  there  occurs  a  small  area  of  volcanic  rocks,  mainly  pyro- 
clastic,  which  were  claimed  by  Dr.  Callaway,  in  1880 — on  the 
ground  of  their  lithological  characters  and  stratigraphical  position 
—  as  appertaining  to  his  volcanic  series  of  the  Uriconian  of 
Shropshire,  a  view  which  has  subsequently  been  very  generally 
accepted. 

Structurally,  these  Archaean  Rocks  of  the  Malvern  range  form 
the  crest  of  a  long  anticline,  which  throws  off  a  band  of  Silurian 
strata  along  its  western  margin,  but  is  limited  by  a  strong  fault  to 
the  east,  by  which  the  Triassic  strata  of  the  Severn  valley  are 
brought  into  juxtaposition  with  the  crystalline  rocks  of  the  range. 
At  the  North  Hill  this  north  and  south  fault  makes  a  sudden 
swerve,  and  the  crystalline  rocks  suddenly  disappear.  The  fault, 
however,  is  continued  with  an  undulating  course,  far  to  the 
northward  across  the  lower  ground,  well  into  the  district  of  the 
Abberley  Hills.  Side  by  side  with  it,  immediately  to  the 
west,  is  also  continued  the  anticlinal  form.  For  the  greater 
part  of  its  course  between  the  Malvern  and  Abberley  Hills  the 
crest  of  the  anticline  is  constituted  of  Silurian  strata;  but,  at  the 
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locality  of  Berrow  Hill,  syenitic  rock  again  appears  at  the  surface, 
but  only  for  a  very  short  distance ;  it  is  here  accompanied  by 
quartzite.*  There  can  be  little  doubt,  however,  that  crystalline 
Archaean  rocks,  with  similar  characters  to  those  of  the  Malvern 
mass,  are  continued  uninterruptedly  below  the  Silurian  along  this 
anticlinal  form,  from  the  north  end  of  the  Malvems  into  the  Abberley 
Hills.  This  may  not  only  be  inferred  from  the  anticlinal  disposi- 
tion of  the  Silurian  rocks  themselves,  but  it  is  rendered  practically 
certain  by  the  fact  that  the  Llandovery  beds  along  this  line  are 
largely  made  up  of  materials  clearly  derived  from  rocks  of  the 
Malvern  type. 

(2)  The  Wrekin  Hills.— Th^  Archaean  rocks  of  the  Wrekin  Hills 
rise  out  unconformably  from  below  the  local  Cambrian  Quartzite 
in  a  long  linear  ridge  formed  of  the  four  elevations  known  as  the 
Ercal^  Lawrence  Hilly  the  Wrekin,  and  Primrose  Hill ;  and  also 
in  a  lower  but  broader  ridge  to  the  north-west,  namely,  that  of 
Wrockwardine,  which  forms  a  well-marked  inlier  in  the  Triassic 

ground.  In  all  these  localities  the  Archaean  rocks,  which  here 
constitute  the  typical  Uriconian  System  of  Dr.  Callaway,  are 
clearly  of  volcanic  origin.  They  consist  of  thick  rhyolitic  lavas, 
volcanic  breccias,  and  rhyolitic,  andesitic,  and  basic  tuffs  ;  with 
intrusions  of  granitoid  rock,  felsites,  and  basalts.  Some  of  the 
bedded  rocks  are  conglomeratic,  and  there  are  occasional 
volcanic  gritstones  and  shales.  Some  of  the  basic  rocks  of 
these  hills,  and  of  the  neighbouring  '^  Uriconian  "  district  of  the 
Caradoc  and  Lawley  ranges  to  the  south-west,  are  newer  than  the 
rhyolitic  and  andesitic  groups,  but  although  later  in  date  than 
the  main  masses  of  the  Uriconian  volcanic  rocks,  they  appear 
to  be  of  an  age  long  anterior  to  the  overlying  Cambrian. 

(3)  Jnlier  of  Barnt  Green, — The  "  Basement  Rocks  "  of  this 
locality  occupy  a  small  area,  ranging  north-west  and  south-east, 
about  half  a  mile  in  length  by  less  than  a  quarter  of  a  mile  in 
breadth,  and  lying  a  short  distance  northward  of  the  railway 
junction  of  Barnt  Green.  The  area  is  somewhat  elevated  above 
the  surrounding  country,  and  constitutes  the  terminal  section  of 
the  long,  wedge-like  range  of  the  Lower  Lickey  Hills.  To  the 
north  of  this  section  the  range  is  much  higher,  and  is  formed 
mainly  by  the  outcrop  of  the  Cambrian  Quartzite.  To  the  south 
of  the  section  the  ridge  disappears  as  such,  its  ancient  rocks 
diving  beneath  the  Triassic  strata  of  the  Midland  plain.  The 
inlier  is  bounded  to  the  eastward  by  Triassic  rocks,  and  to  the  west- 
ward by  steeply  dipping  red  sandstone  strata,  which  are  usually 
classed  as  Permian. 

The  rocks  which  floor  this  Barnt  Green  inlier  are  very  indiffer- 
ently exposed.  The  most  intelligible  sections  are  seen  along  the 
course  of  the  small  Barnt  Green  Brook,  within  the  private  grounds 
of  Barnt  Green  House.     Here  a  series  of  stratifled  rocks  is  met 

•  Coles,  Gtol.  Mag.f  Dec.  4,  vol.  v,  1898,  p.  304. 
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with,  dipping  at  various  angles,  but  with  a  persistent  north-west  to 
south-east  strike,  agreeing  with  that  of  the  main  axis  of  the 
Lickey  Hills.  The  commonest  rocks  are  flaggy  and  shaly  beds  of 
green,  grey  and  purple  tints,  but  purple  and  chocolate  coloured 
gritty  sandstones  also  occur.  The  materials  of  which  the  finer- 
grained  beds  are  composed  are  distinctly  pyroclastic  in  origin,  and 
occasional  coarser  layers  are  met  with,  containing  chips  and 
fragments  of  felsite  and  abundant  crystals  of  felspar,  chiefly 
orthoclase.  These  rocks,  which  are  shown  in  various  small 
sections,  are  always  much  shattered  and  broken,  and  usually 
more  or  less  veined  with  calcite,  and  more  rarely  quartz,  but  the  bed- 
ding as  a  rule  is  very  distinct.  Some  of  the  layers  may  be  per- 
haps best  classed  as  tufls,  and  others  as  volcanic  grits.  They  appear 
to  have  been  all  deposited  in  water,  but  the  general  absence  of 
rounded  grains  of  quartz,  and  the  conspicuous  angularity  of  the 
particles  of  volcanic  matter,  are  suggestive  of  their  deposition 
during  a  time  of  contemporaneous  igneous  action  rather  than 
of  their  secondary  derivation  as  the  worn  detritus  of  pyroclastic 
rocks  already  consolidated.     Some  thin  zones  of  compact  pink 

Pinfield  Bamt  Green 
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.5. — Section  across  the  Southern  End  of  the  Lickey  Hills. — C.  Lapworth, 

Ceuper  Sandstone.       /'.  Bunter  Pebble  Beds.      e.  Permian  Marls  and  Sandstones. 
A.  Bamt  Green  Rocks  pierced  by  Diorite.  F.  F.  Faults. 

felsitic  rocks  occur  in  thfe  series,  which  may  l)e  intrusive,  but  are 
possibly  formed  of  the  more  finely-grained  and  silicified  volcanic 
dust.  Remnants  of  a  dyke  of  vesicular  basic  rock  occur  at  the 
eastern  extremity  of  the  section. 

A  shorter  section  of  similar  stratified  rocks,  showing  also  one 
of  the  pink  felsitic  bands,  occurs  at  the  head  of  a  small  rill-course 
which  furrows  the  eastern  side  of  the  inlier  about  midway  along 
its  length. 

Exposed  sections  of  the  stratified  deposits  are  not  known  to 
occur  elsewhere  within  the  inlier ;  but  the  surface  of  the  ground  is 
scattered  over  with  a  kind  of  loose  breccia,  formed  by  the  debris 
of  these  rocks.  This  is  very  well  shown  along  the  hedgerows 
east  of  the  main  crest.  Upon  the  western  half  of  the  area  the 
rock  debris  occurring  loose  upon  the  surface,  or  ploughed  up  in 
the  fields  is  somewhat  different,  and  the  rocks  here  may  perhaps 
belong  to  a  later  series.  South-west  of  the  central  parts  of  the 
ground  the  debris  consists  largely  of  a  highly  quartzose  gritstone, 
almost  a  quartzite,  containing  chips  and  dust  of  felspathic  matter. 
Toward  the  north-west,  the  plough  turns  up  abundant  fragments 
August.  1898].  26 
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of  sandy  nodular  shales,  locally  black  in  colour,  and  crowded  with 
mica  flakes,  as  first  discovered  by  Mr.  Gibson. 

A  broad  dyke  of  vesicular  diorite  runs  down  the  centre  of  the 
western  half  of  the  area,  almost  parallel  with  the  south-western 
boundary,  and  is  well  exposed  in  several  points  along  its  length. 
Similar  diorite  rocks  occur  also  beneath  the  hedgerows  on  the 
south  side  of  the  roadway  crossing  the  ridge  at  Kendal  End. 

Since  their  original  discovery  in  1882,  the  bedded  rocks  of 
Barnt  Green  have  been  paralleled  by  Midland  geologists  with 
the  Caldecote  Volcanic  Series  of  the  Nuneaton  region,  with  which 
they  agree  in  the  general  pyroclastic  nature,  in  the  presence 
of  basic  intrusions  and  in  their  probable  immediate  infraposition 
to  the  Cambrian  Quartzite  of  the  Midlands.  The  diorite  dykes 
of  the  Barnt  Green  area  also  apparently  agree  lithologically  witb 
those  of  the  Nuneaton  region  ;  but  while  these  diorites  pierce 
some  of  the  strata  at  present  united  with  the  pyroclastic  rocks  of 
Barnt  Green,  they  are  as  yet  unknown  in  the  Caldecote  Series  oi 
the  Nuneaton  area,  where  they  are  met  with  for  the  first  time  ir* 
the  basement  beds  of  the  overlying  Hartshill  Quartzite. 

The  Barnt  Green  area  of  basement  rocks  is  cut  off  from  th.  * 
area  of  Lickey  Quartzite  to  the  northward  by  a  transverse  fault  (cr: 
faults)  which  crosses  the  ridge  at  the  locality  of  Kendal  End.  A^^ 
are,  therefore,  deprived  of  stratigraphical  evidence  of  the  acti^^ 
infraposition  of  these  Barnt  Green  rocks  to  the  local  Cambri^:^ 
Quartzite.  A  little  northward  of  the  Barnt  Green  area,  cert2^^ 
of  these  Cambrian  beds  are  well  shown.  They  are  formed 
thin  quartzites  with  many  interbedded  shales.  Both  by  tl^^  ^ 
position  and  their  lithological  characters,  these  beds  appear 
answer  to  the  lower  zones  of  the  Nuneaton  Quartzite,  sm^^ 
they  not  only  contain  many  thin  ashy  layers  suggestive  of  ^v 
extension  of  the  Barnt  Green  conditions  into  the  Quartzite  perC  ^: 
but  some  of  the  softer  sandy  beds,  containing  much  volcanic  mat:  '^ 
met  with  here  and  there  in  the  series,  are  very  similar  to  sc:»k 
of  those  occurring  in  the  Barnt  Green  inlier  itself. 

(4)  Caldecote  District, — To  the  east  of  the  Cambrian  dis^i — 
of  Nuneaton  there  occurs  an  area  of  pyroclastic  rocks  whicli 
nearly  two  miles    in    length,  but  is  less  than   a   quarter  of^ 
mile  in  breadth.     The  rocks  displayed  in  this  area  consist 
sheets  of  volcanic  breccia,  tuffs,  and  volcanic  grits,  with  a  (^^ 
intrusive    dykes    of    basic    rock.       The    dominant    rocks    ai^ 
crowded  with  scattered  crystals  and  grains  of  felspar  and  quai 
and  have  at  first  sight   the  appearance  of  quartz-felsite.     Bor- 
orthoclase  and  plagioclase  occur.      The  quartz  grains  are  som 
times  rounded,  sometimes  angular,  and  here  and  there  the  rocl 
show  conspicuous  compact    green   and    black  patches.      Tl 
ground-mass  or  matrix  appears  to  be  of  the  same  general  coi 
position  as  the  coarser  and  more  evidently  crystalline  materi;. 
which   it  encloses.      A   second  and  very  common   type   is 
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Stratified  breccia,  or  agglomerate,  with  a  purple  and  greenish  base 
crowded  with  pink  chips  and  fragments  ot  felspathic  material. 
From  these  two  types  there  are  gradations,  on  the  one  hand,  into 
crystal-tuffs  almost  inseparable  from  ordinary  quartz-felsites ;  and, 
on  the  other  hand,  through  fine  tuffs  almost  inseparable  from 
ordinary  volcanic  grits  to  beautifully  laminated  deposits  formed 
of  microscopic  and  sub-microscopic  grains. 

Some  of  the  coarsest  breccias  of  the  Caldecote  Rocks  are  met 
with  in  the  sides  of  a  disused  road  near  the  Anchor  Inn,  and  are 
apparently  the  lowest  volcanic  rocks  exposed  to  view.  The  more 
compact  tuffs  with  the  aspect  of  brecciated  quartz-felsites  are 
best  shown  in  Mr.  AbeFs  Long  Quarry  immediately  south  of  Harts- 
hill  Grange,  where  they  are  succeeded  by  the  basement  beds  of 
the  Cambrian  (Hartshill)  Quartzite.  These  felsitic  tuffs  have 
here  weathered  into  gigantic,  ball-like  masses,  and  form  a  most 
remarkable  and  conspicuous  group.  Fragments  of  the  same  type 
of  tuff  can  be  collected  along  the  same  line  of  strike  in  the 
slopes  between  the  White  House  and  the  Hill  House ;  and  the 
rock  itself  can  again  be  seen  in  sitd  in  an  old  quarry  on  Calde- 
cote Hill,  the  '^Blue  Hole^^  where  it  is  pierced  and  partly  overlain 
by  a  mass  of  basic  rock. 

In  the  road  immediately  north  of  Hartshill  Grange,  green 
volcanic  tuffs  and  grits  occur,  somewhat  similar  in  character  to  the 
quartz-felsite-looking  breccias.  They  are,  however,  rudely  stratified 
and  show  occasional  rounded  grains. 

In  the  sides  of  an  old  tunnel  within  a  few  yards  of  Caldecote 
Hill  House  theie  is  an  exposure  of  remarkably  fine-grained  tuffs. 
Some  are  beautifully  laminated  in  parallel  closelv-set  bands  of 
different  tints,  while  others  are  more  compact  and  break  with  a 
conchoidal  fracture  ;  but  even  these  latter  show  distinct  evidence 
of  bedding  in  their  occasional  layers  of  coarser  volcanic  material, 
along  which  they  may  be  easily  split  into  parallel-sided 
slabs. 

In  the  old  quarry  at  Caldecote  Hill,  as  already  mentioned,  a 
sheet  of  basic  rock  partly  intrudes  upon,  and  partly  overlies,  the 
Caldecote  ashes.  A  vertical  dyke  of  similar  basic  rock  also  cuts 
the  Caldecote  rock  in  the  exposure  at  Mr.  Abel's  quarry  near 
Hartshill  Grange. 

The  Caldecote  pyroclastic  series  is  followed  at  once  to  the 
north-westward  by  the  Hartshill  Quartzite,  which  forms  the 
accepted  base  of  the  Cambrian  system  in  the  Nuneaton  district. 
The  strike  and  dip  of  the  laminated  tuffs  of  the  Caldecote  Rocks 
are  well  shown  in  the  sides  of  the  tunnel  upon  the  flanks  of 
Caldecote  Hill,  and  both  appear  to  agree  with  those  of  the  beds 
of  the  quartzite  to  the  north-west.  The  great  contrast,  however, 
between  the  lithological  characters  of  the  Cambrian  Quartzite  and 
those  of  the  underlying  series  of  Caldecote  Volcanic  rocks  is  very 
striking,  and  is  suggestive  of  the  lapse  of  a  long  interval  of  time 
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between  them.  The  basement  Quartzite  beds  generally  rest 
upon  an  irregular  band  of  rotted  fragments  of  the  underlying 
Caldecote  Rocks ;  and  at  the  entrance  of  Mr.  Boon's  quarry,  the 
Quartzite  itself,  for  some  distance  upwards  from  its  base,  contains 
large  rounded  blocks  of  Caldecote  volcanic  rocks,  while  the 
matrix  is  mainly  composed  of  the  rounded  wash  of  similar 
material.  A  most  interesting  mass  of  this  block  -  bearing 
group  has  been  recently  laid  bare  in  the  Quarry.  Every- 
where to  the  north-east  of  this  point,  where  the  lower  beds 
of  the  Cambrian  Quartzite  are  exposed,  they  are  purple  in 
colour,  more  or  less  conglomeratic,  and  contain  pebbles  and 
grains  of  volcanic  material.  There  are  indications,  however, 
that  volcanic  conditions  had  not  wholly  ceased  in  Cambrian 
time,  for  even  among  those  zones  where  the  Quartzite  is  most 
typical,  occasional  layers  are  intercalated  which  are  seen  to  be 
largely  made  up  of  volcanic  matter,  and  to  contain  chips  and 
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Fig.  6. — Section  across  the  Central  Part  of  the  Nuneaton 

Ridge. — C\  Lapworth. 

/•.  Keuper  Marls.  c?.  Hyolithus  Beds. 

//*.  Coal-measures.  a\  Cambrian  Quartzite. 

a*.  Black  Stockingford  (Oldbury)  Shales.  A.  Caldecote  Volcanic  Rocks. 

<?'.  Purple  Stockingford  (Purley)  Shales.  Black  rocks — Diorite  Dykes.     F.  F.  Faults. 

rounded  blocks  (often  of  large  size)  of  volcanic  rocks,  more  or 
less  of  the  ordinary  Caldecote  type.  Some  of  these  volcanic 
pebbles,  however,  are  more  basic  in  character  than  the  generality 
of  the  Caldecote  rocks ;  they  may  perhaps  be  due  to  the  erosion 
of  volcanic  rocks  of  later  date  than  those  of  the  typical  Caldecote 
area,  belonging  to  a  period  here  represented  only  by  the 
intrusive  basic  dykes,  which  may  possibly  be  paralleled  with  the 
similar  later  basic  series  of  the  Wtekin  and  Caradoc  Hills. 

(5)  Charnwood  Forest  (contributed  by  W.  W.  Watts). — In 
Charnwood  Forest  there  occurs  a  considerable  area  of  pre- 
Cambrian  rocks,  the  most  easterly  exposure  at  present  known 
in  Britain.  The  ancient  massif  is  almost  submerged  beneath 
a  mantle  of  Trias,  only  the  higher  peaks  emerging,  while 
Carboniferous  rocks,  the  magnesiferous  limestones  of  Grace 
Dieu,  are  only  known  to  touch  it  at  the  north-west  corner. 

The  rocks  are  mainly  of  volcanic  origin,  and  include  coarse 
breccias  and  agglomerates,  conglomerates,  tuffs,  and  ashes,  at 
times  so  fine-grained  as  to  pass  into  hornstones  and  slates.     The 
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Structure  of  the  area  is  an  elliptical  dome  elongated  from  N.W. 
to  S.E. ;  only  the  south-eastern  half  is,  however,  exposed. 

The  rocks  admit  of  subdivision,  according  to  lithological 
character,  into  three  broad  Series,  neither  base  nor  summit  of  the 
formation  being  visible.  The  Series  may  be  again  subdivided  as 
shown  in  descending  order  below  : — 

Swithland  and  Groby  Slates. 

Conglomerate  and  Quartzke.  J^The  Brand  Series. 

Purple  and  Green  Beds. 

The  Olive  Hornstones  of  Bradgate. 

The  Woodhouse  Beds. 

The  Slate- Agglomerate  of  RoeclifTe.    VThe  Maplewell  Series. 

The  Hornstones  of  Beacon  Hill. 

Felsitic  Agglomerate. 

Rocks  of  Blackbrook.         .         .         .  The  Blackbrook  Series. 


j 


The  succession  may  be  best  studied  on  the  eastern  side  of  the 
Forest,  where  the  sequence  is  plainer  and  the  disturbance  less 
prominent  than  on  the  western  side. 

The  oldest  rocks  crop  out  at  intervals  along  the  core  of  the 
arch,  chiefly  about  the  Black  Brook.  They  consist  of  pale, 
sometimes  purplish  or  greenish  and  banded,  grits  and  hornstones ; 
frequently  they  have  the  macroscopic  aspect  of  felsites  and 
quartzites,  and  in  places  they  are  fine-grained  enough  to  be  used 
for  honestones. 

The  Maplewell  Series  is  characterised  by  its  dominant  apple- 
green  colour,  but  many  of  the  fine  tuffs  weather  white.  Coarser 
ashes  are  of  frequent  occurrence,  and  two  bands  of  breccia,  dis- 
covered and  in  part  mapped  by  Professor  Bonney  and  Mr.  Hill, 
may  be  traced  for  considerable  distances  round  the  Forest.  The 
lower  of  these  is  a  felsitic  agglomerate  seen  near  Whittle  Hill  and 
Black  Hill,  and  in  a  very  faulted  condition  in  Benscliffe  Wood  ; 
the  higher  is  the  Slate-agglomerate  which  occurs  at  Woodhouse 
Eaves,  RoeclifTe,  Bradgate,  and  Markfield,  Between  the  two 
agglomerates  there  occurs  a  very  well-marked  group  of  fine,  banded, 
green  hornstones,  well  seen  on  Beacon  Hill.  A  marked  feature  of 
the  Slate-agglomerate  is  the  occurrence  of  huge  masses  of  green 
and  purple  slate  which  are  found  in  it.  Above  this  agglomerate 
coarser  beds  become  rather  more  frequent,  and  at  the  top  of 
the  series  there  is  a  set  of  olive  hornstones  (almost  without  coarser 
bands)  which  is  only  visible  in  Bradgate  Park. 

The  highest  Series,  named  after  the  picturesque  grounds  of 
the  Brand,  begins  with  a  conglomerate  containing  rounded  pebbles 
of  felsite,  slate,  quartz,  and  quartzite.  This  graduates  upwards 
into  a  reddish  sandstone,  which  locally  passes  into  a  quartzite, 
red  or  black  in  colour,  and  with  a  bright,  lustrous  fracture.  These 
rocks  are   to  be   seen   at   Woodhouse   Eaves,  the  Brand,  and 


334  W.  W.  WATTS   AND  C.    LAPWORTH   ON   THE 

Bradgate.  Above  them  there  is  a  band  of  purple  slate  worked  at 
Woodhouse  Eaves  and  elsewhere^  and  that  is  followed  by  a 
curious  rough,  black,  ashy  grit  which  can  be  recognised  in  many 
places.  In  some  slaty  beds  associated  with  the  quartzite,  Prof, 
lapworth  and  Mr.  Rhodes  have  found  what  appear  to  be  worm- 
casts.  The  slates,  purple  and  green  in  colour,  formerly  so  much 
worked  at  Swithland  and  Groby,  succeed  and  appear  to  be  repeated 
two  or  three  times  by  folds. 

The  succession  thus  far  sketched  out  may  be  followed  from 
Shepshed  by  Nanpanton  to  Woodhouse  Eaves  and  the  Beacon 
Hill,  and  thence  to  Bradgate  and  Mark  field.  Here  exposures 
become  fewer  and  more  difficult  to  correlate  ;  until,  on  reaching 
the  north-west  corner  of  the  district,  entirely  different  rock-types 
are  found  which  it  is  almost  impossible  to  parallel  with  the  rest 
of  the  area.  Messrs.  Bonney  and  Hill  incline  to  the  belief  that 
these  rocks  are  of  the  same  age  as  the  Maplewell  Series,  but  differ 
from  them  in  having  been  deposited  nearer  to  the  volcanic  vent. 
This  correlation  appears  to  be  upheld  by  the  presence  of  a  felsitic 
agglomerate  at  the  base  of  the  sequence  and  a  slate  agglomerate 
at  its  summit.  Between  these  two  horizons  the  ground  from 
Grace  Dieu  to  Bardon,  and  from  Peldar  to  Tiniberwood  Hill  and 
High  Sharpley,  is  occupied  by  massive  agglomerates  and  by 
nodular  and  other  porphyroids.  Both  these  rocks  occur  in 
irregular  masses,  and  only  very  rarely  in  traceable  beds.  Indeed, 
the  latter  rocks  can  be  best  explained  by  supposing  them  to  be 
intrusive,  a  conclusion  warranted  by  a  junction  between  them  and 
the  agglomerates  at  Bardon  Hill. 

The  principal  axis  of  folding  in  the  region  extends  from 
N.W.  to  S.E.,  and  the  movement  which  has  folded  the  rocks  into 
an  anticline  along  this  line  has  also  produced  a  set  of  faults 
parallel  to  it ;  while  the  strike  of  the  cleavage,  unless  diverted  by 
local  circumstances,  follows  the  same  law. 

The  earliest  intrusive  rocks  in  the  district  appear  to  be  the 
porphyroids  of  Peldar,  Sharpley,  and  Bardon.  Following  this 
comes  the  intrusion  of  the  augitic  syenite  which  covers  great 
areas  in  Bradgate,  Groby,  and  Markfield ;  a  similar  rock  crops  out 
from  under  the  Trias  at  Croft  and  Enderby  to  the  S.W.  of  the 
Forest.  Although  there  is  no  absolute  proof  of  its  later  date,  the 
hornblendic  granite  of  Mount  Sorrel  and  Brazil  Wood  seems  to 
be  the  next  rock  intruded,  and  in  the  quarries  of  this  again  there 
are  dykes  of  altered  dolerites  later  still  in  age. 

The  age  of  the  bedded  rocks  of  Chamwood  Forest  cannot  be 
ascertained  by  any  evidence  from  superposition,  so  that  structure 
and  petrology  are  the  only  guides.  The  rocks  certainly  are  pre- 
Carboniferous.  They  have  nothing  in  common  with  the 
Devonian,  Silurian,  or  Ordovician  Rocks.  They  are  altogether 
unlike  the  Cambrian  rocks  of  Nuneaton,  and  have  been  much 
more  affected   by  earth   movement.     They  present  little  corre- 
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spondence  with  the  Uriconian  Rocks  of  Caldecote,  the  Lickey, 
and  the  Wrekin.  Even  the  intrusive  rocks,  like  the  Peldar  por- 
phyroid  and  the  syenite,  are  quite  unlike  the  rocks  which  pierce 
the  Cambrian  and  Uriconian  Rocks  of  the  Midlands.  It  is  there- 
fore likely  that  they  belong  to  a  pre-Cambrian  System  distinct 
from,  and  possibly  older  than,  the  Uriconian  rocks.  If  this  is 
the  case,  it  may  be  well  to  designate  the  whole  succession  for 
the  present  by  a  distinctive  name  such  as  ^^The  Charnian  RocksJ* 
(See  pp.  326,  327.) 

Cambrian   System, 

Strata  belonging  to  the  Cambrian  System  are  now  known  to 
be  well  developed  at  several  localities  within  the  limits  of  the 
Birmingham  District.  Abundant  evidences  have  also  been  accu- 
mulated of  late  years  which  render  it  practically  certain  that  strata 
representative  of  the  entire  Cambrian  System  were  deposited  over 
the  greater  part,  if  not  over  the  whole  of  the  Midland  region. 
The  lithological  and  the  palaeontological  facies  of  these  Midland 
strata  are,  however,  very  unlike  those  of  the  typical  Cambrian 
region  of  North-west  Wales,  and  approximate  more  closely  to 
those  of  the  Cambrian  of  Scotland,  and  those  of  the  continent  of 
Europe. 

The  Cambrian  rocks  of  the  Midlands  appear  at  the  surface 
in  four  distinct  and  isolated  areas,  viz.,  those  of  (i)  the  Wrekin 
Hills,  (2)  South-west  Malvern,  (3)  Nuneaton,  and  (4)  the  Lower 
Lickey  Hills. 

Owing  in  part  to  the  obscure  stratigraphical  relationships  of  the 
Cambrian  rocks  occurring  in  these  districts,  and  in  part  to  the  great 
rarity  of  fossils  within  them,  their  true  systematic  position  remained 
long  unsuspected.  The  Cambrian  strata  of  the  Wrekin  and  Malvern 
areas  were  formerly  classed  with  the  Ordovician  ;  those  of  the 
Lickey  Hills  with  the  Silurian  ;  and  those  of  Nuneaton  with  the 
Coal  Measures  and  the  Millstone  Grit.  The  demonstration  of  the 
true  geological  age  of  these  Midland  Cambrian  deposits  in 
general,  and  the  correlation  of  the  formations  here  represented 
with  the  Cambrian  formations  of  other  districts,  has  not  only 
been  a  work  of  slow  accomplishment,  but  cannot,  even  yet,  be 
said  to  be  fairly  complete. 

In  the  typical  Merioneth  region  of  North-west  Wales  the  strata 
usually  assigned  to  the  Cambrian  system  are  known  to  be  of 
enormous  thickness,  and  to  fall  naturally  into  two  lithological  groups. 
The  lower  group  is  essentially  arenaceous ;  it  is  formed  of  the 
Harlech  grits  and  flags,  is  more  than  a  mile  in  vertical  extent,  but 
is  barren  of  all  fossils  except  a  few  worm-burrows.  The  upper 
group  is  essentially  argillaceous  \  it  is  a  succession  of  flag- 
stones and  shales,  is  of  corresponding  thickness,  but  is 
more    or   less  fossiliferous  throughout.      This  upper  group  has 
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long  been  separated  into  three  palaeontological  divisions  as  the  (a) 
Menevian — characterised  by  the  presence  of  Paradoxides\  (p)  die 
Lingula  Flags — marked  by  forms  of  O/ettus  and  by  the  pre- 
sence of  the  genus  Dictyonema  in  its  highest  beds ;  and  (c)  the 
Tremadoc  Slates— QOViXsi\r\\x\%  an  admixture  of  Cambrian  and 
Ordovician  organic  types,  and  consequently  referred  by  many 
to  the  Ordovician  System. 

In  the  Birmingham  District  (within  which,  for  the  moment, 
we  may  include  not  only  the  Wrekin  area,  but  also  its  south- 
westerly extension,  the  Caradoc  region  of  Central  Shropshire) 
we  also  find  the  Cambrian  System  made  up  of  two  distinct 
lithological  members :  namely  a  Lower  arenaceous  division  and 
an  Upper  shaly  division.  The  entire  system,  however,  is  here 
reduced  to  a  thickness  of  about  2,000  ft.  and  the  com[>onent 
formations  bear,  as  a  rule,  but  little  resemblance  lithologi<mlly  to 
their  N.  Wales  prototypes.  In  place  of  the  single,  monotonous 
Harlech  series  we  have  here  a  double  formation ;  the  lower 
division  of  which  is  composed  of  the  siliceous  Wrekin  Quartzite^ 
and  the  upper  of  the  more  or  less  volcanic  Hollybush  (or  Comley) 
Sandstone^  the  two  being  locally  divided  from  each  other  by  thin 
calcareous  zones  (the  Comley  Umestone\  often  rich  in  fossils. 
Again,  in  place  of  the  thick  flaggy  and  carbonaceous  Upper 
Cambrian  of  N.  Wales  we  have  in  the  Midlands  and  West  of  Eng- 
land, several  formations — all  composed  of  thin-bedded  strata,  only 
locally  carbonaceous,  more  generally  made  up  of  exceedingly 
fine-grained  material — often  felspathic,  and  usually  of  bright  tints 
of  green  or  reddish  purple. 

Further,  the  "  Olenellus-zont,**  so  conspicuous  abroad,  but  as 
yet  unknown  in  the  typical  Cambrian  strata  of  N.  Wales, 
occurs  in  the  Shropshire  area  at  the  base  of  the  Comley  Sand- 
stone ;  whereas,  on  the  other  hand,  the  Menevian  strata,  so 
remarkably  conspicuous  in  the  Welsh  succession  because  of  their 
characteristic  forms  of  Paradoxides^  are  very  indifferently  repre- 
sented in  the  Midland  and  W.  of  England  districts.  Only  one 
member  of  the  Lingula  Flags  of  N.  Wales  seems  to  be  repre- 
sented both  lithologically  and  palaeontologically  by  a  corresponding 
formation  in  the  Midland  succession  :  this  is  the  Dolgelly 
formation  of  the  Upper  Lingula  Flags,  marked  by  the  presence  of 
SphcBrophthalmus  and  Ctenopyge  in  its  lowest  beds,  and  Dictyonema 
in  its  highest  zone.  The  succeeding  Tremadoc  formation  is, 
however,  well  represented  in  the  Wrekin  area  by  the  formation 
known  as  the  Shineton  Shales. 

Cambrian  of  the  Wrickin  and  Caradoc  Area. 

Along  a  line  drawn  from  north-east  to  south-west  along  the 
north-western  border  of  the  Birmingham  District,  the  Cambrian 
strata  are  shown  at  several  localities,  between  the  town  of  Newport 
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and  that  of  Church  Stretton.  The  Cambrian  strata  occurring  in 
the  various  Palaeozoic  exposures  along  this  line  are  not  only 
intimately  related  to  those  met  with  in  the  more  central  parts  of 
the  Birmingham  District,  but  their  rocks  and  fossils  are  of  the 
utmost  value  in  aiding  us  in  paralleling  the  more  truly  Midland 
deposits  with  those  of  other  regions. 

(i)  The  Wrekin  Quartzite, — This  Quartzite — which  varies 
from  100  to  200  ft.  in  thickness  at  the  Wrekin  to  less  than  half 
that  thickness  in  the  Caradoc  areas — rests  unconformably  upon 
the  Uriconian  Volcanic  rocks  both  at  the  Wrekin  and  upon  Caer 
Caradoc  ;  and  its  basement  bed  contains  rounded  pebbles  of 
rhyolite  and  other  Uriconian  detritus.  No  fossils  are  known  in 
it  except  a  few  worm-burrows. 

{2)  The  Comley  (or  Holly  bush)  Sandstone,  —  The  Wrekin 
Quartzite  is  succeeded  in  the  areas  of  the  Wrekin,  Caradoc  and 
Sharpstones  by  a  series  of  sandy  beds,  which  are  in  some  localities 
almost  as  siliceous  as  those  of  the  underlying  Quartzite,  but 
more  generally  and  typically  are  so  rich  in  basic  material  as  to 
become  of  a  dark  green  colour ;  they  are  also  marked  by  the 
frequent  presence  of  glauconite.  At  the  base,  the  Hollybush 
group  is  somewhat  shaly  and  becomes  locally  very  calcareous. 
In  the  neighbourhood  of  Neves  Castle,  these  basement  beds 
include  a  well  marked  limestone  band,  in  the  highest  layers  of 
which  (and  in  certain  overlying  gritty  beds)  occur  examples  of 
Faradoxides,  Upon  about  the  same  horizon  at  Comley — near 
Lebotwood,  the  limestone  becomes  purer  and  of  greater  thickness. 
Its  lower  beds  there  afford  examples  of  Olenellus  {O.  callavei,  etc.), 
AgrauloSj  Stenotheca,  Kuiorgina  dngulata^  etc.  ;  and  its  highest 
layers  fragments  of  Faradoxides  {F.  j^roomii,  etc.). 

At  Lilleshall,  six  miles  to  the  N.E.  of  the  Wrekin,  the  Holly- 
bush  Sandstone  covers  a  fairly  large  area.  It  is  here  faulted 
against  the  Uriconian  Series  and  is  overlain  by  the  basement 
beds  of  the  Carboniferous  Limestone. 

In  the  Wrekin  District  the  Comley  Sandstone  is  followed  at 
once  by  the  argillaceous  series  known  as  the  Shine/on  Shales.  As 
a  whole,  the  fauna  of  these  shales  is  distinctly  that  characteristic 
of  the  Tremadoc  slates  of  North  Wales.  Forms  of  Bryograptus 
occur  in  the  middle  beds  ;  and  in  the  highest  beds,  many  genera 
and  species  of  the  Ordovician  family  of  the  Asaphidce^  in  associa- 
tion with  Olenidce  and  other  Cambrian  forms.  No  trace  of  the 
Lingula  Flags  has  yet  been  detected  in  this  Wrekin  region,  unless 
they  are  represented  in  part  by  certain  shales  in  the  neighbour- 
hood of  Caer  Caradoc,  which  apparently  lie  at  the  base  of  the 
Shineton  Series,  and  afford  Dictyonema  sociale. 

At  Maddox  Hill,  near  the  Wrekin,  the  Shineton  Shales  are 
pierced  by  a  sill  of  diorite,  which  has  altered  the  Cambrian  beds 
into  which  it  has  been  intruded,  and  is  overlain  unconformably 
by  unaltered  beds  belonging  to  the  Carboniferous. 
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Cambrian  of  the  Malvern  Hills. 

The  Cambrian  rocks  of  the  Malvern  Hills  occur  near  the 
S.W.  extremity  of  the  range,  in  the  neighbourhood  of  Mid- 
summer Hill  and  Key's  End  Hill,  and  occupy  a  superficial  area  of 
about  three  square  miles.  They  repose  unconformably  upon  the 
crystalline  series  of  the  hills  to  the  £.,  and  are  covered  uncon- 
formably to  the  W.  by  Silurian  strata  of  Upper  Llandovery  age. 

There  is  here  no  trace  of  the  basement  Quartzite  of  the 
Wrekin  (a  diminutive  representative  of  which,  however,  has  been 
met  with  at  two  localities  between  the  Malvern  and  Abberley 
Hills),  but  the  Lower  division  of  the  Malvern  Cambrian  is  formed 
by  the  "  Hollybush  Sandstone,'*  which  attains  a  thickness  of  about 
500  ft.,  and  is  a  light  green,  flaggy,  micaceous,  and  gritty  rock  con- 
taining much  volcanic  matter.  A  few  of  the  layers  near  its  base 
are  somewhat  calcareous,  and  yield  Kutorgina  cingulatay  Obolella 
saltert,  Linnarssonia  sagittalis^  and  a  form  of  Hyolithus,  The 
actual  basement  layers  are  conglomeratic,  and  contain  pebbles 
of  the  underlying  crystalline  rocks. 

The  Upper  division  of  the  Malvern  Cambrian  consists  of  a 
thickness  of  about  1,000  ft.  of  shales  (the  Malvern  Shales),  The 
lower  half  of  this  division  is  formed  of  the  well-known  Malvern 
Black  Shales.  These  afford  Peltura  scarabaoides,  Spharophthalmus 
alatus^  Agnostus  pisiformis^  A,  trisect  us,  Ctenopyge  pecten,  etc., 
characteristic  fossils  of  the  Lower  Dolgelly  Beds  of  North  Wales. 
The  upper  half  of  the  division  consists  of  Grey  Shales,  and 
affords  the  Dictyonema  sociale  of  the  Upper  Dolgelly  beds,  and 
also  Asaphus  (Symphysurus)  croftii  and  Conophrys  {Shumardia) 
salopiensisy  which  are  also  known  in  the  Shineton  Shales  of  Shrop- 
shire (Callaway). 

The  Hollybush  Sandstone  and  the  overlying  shaly  beds  con- 
tain numerous  intercalated  igneous  rocks,  some  of  which  have 
been  asserted  to  be  of  the  age  of  the  enveloping  strata,  but  the 
majority  are  certainly  intrusive. 

Cambrian  of  the  Nuneaton  District. 

In  the  neighbourhood  of  Nuneaton,  in  E.  Warwickshire,  there 
occurs  a  remarkable  area  of  Cambrian  rocks.  This  is  bounded 
to  the  eastward  by  the  Keuper  marls  of  Central  Leicestershire 
and  is  followed  to  the  westward  by  the  unconformably  overlying 
Carboniferous  strata  of  the  E.  Warwick  coalfield. 

The  Cambrian  strata  of  this  area  were  formerly  mapped  as 
altered  Millstone  Grit  and  Carboniferous  Shales,  but  not  only  have 
the  strata  been  demonstrated  of  late  years  to  be  of  Cambrian 
age  by  the  discovery  of  typical  Cambrian  fossils  within  them,  but  it 
now  appears  exceedingly  probable  that  the  whole  of  the  Cambrian 
system  is  represented  here  in  an  attenuated  form. 
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This  Cambrian  area,  which  is  about  9  miles  in  length  with 
a  maximum  breadth  of  about  i  mile,  ranges  in  a  N.W.  and  S.E. 
direction  from  a  point  near  Atherstone  through  the  country  a 
little  to  the  £.  of  Nuneaton,  almost  to  the  village  of  Bedworth, 
about  5  miles  N.  of  Coventry. 

The  Cambrian  strata  included  in  this  inlier,  like  those  found 
in  the  Wrekin  and  Malvern  areas  already  described,  fall  into  two 
main  lithological  divisions  ;  a  lower  division,  composed  of  arena- 
ceous rocks  {The  Hartshill  Quartzite\  and  an  upper  division 
formed  of  shaly  strata,  from  which  arenaceous  rocks  are  usually 
absent  (The  Stockingford  Shales). 

Sills  and  dykes  of  diorite  abound  in  these  Cambrian  rocks, 
especially  in  the  upper  or  shaly  division. 

The  area  occupied  by  these  Cambrian  rocks  of  Nuneaton 
rises  to  a  higher  elevation  than  the  surrounding  country,  which  is 
occupied  by  the  Keuper  and  Carboniferous  beds ;  and  much  of 
the  Cambrian  ground,  especially  that  occupied  by  the  shales 
and  their  intrusive  dykes,  is  richly  wooded  and  remarkably 
picturesque. 

Hartshill  Quartzite, — The  lower  division  of  the  Cambrian 
of  the  Nuneaton  area  is  constituted  by  the  **  Hartshill  Quartzite^* 
so  called  from  the  little  village  of  Hartshill,  which  is  built  upon 
it  at  its  N.W.  extremity.  The  outcrop  of  the  quartzite  itself 
is  about  2 1  miles  long,  with  a  width  of  about  one-third  of  a 
mile,  and  the  collective  thickness  of  the  formation  cannot  be 
much  less  than  600  ft  The  dip  of  the  beds  increases  from 
about  25  degrees  on  the  E.  to  40  or  50  on  the  W.  Along  its 
eastern  margin,  where  it  reposes  upon  the  pre-Cambrian  Caldecote 
Volcanic  Group  already  described,  the  Quartzite  forms  a  steep 
scarp  overlooking  the  plain  of  Central  Leicestershire  and  the 
little  valley  of  the  Anker.  Its  middle  beds  form  an  almost  level 
plateau,  with  a  faintly  marked  central  ridge.  To  the  north- 
westward the  ground  declines  gradually,  and  the  highest  bed  of 
the  Quartzite  formation  is  here  succeeded  by  the  basement  beds 
of  the  Stockingford  Shales. 

The  main  mass  of  the  rocks  which  constitute  the  Hartshill 
Quartzite  are  bedded  sandstones,  usually  of  a  pale  pinkish  colour. 
The  grains  of  sand  are  set  in  a  cement  of  quartz,  forming  a 
highly  indurated  rock,  which,  where  not  jointed,  breaks  with  a 
sharp  conchoidal  fracture.  Grains  and  particles  of  ashy  matter 
occur  in  some  of  the  beds,  and  a  few  of  the  bands  are  distinctly 
conglomeratic.  The  individual  beds  vary  in  thickness  from 
2-3  in.  up  to  4-5  ft.  In  the  lower  zones  of  the  Quartzite  the 
beds  are  softer  and  less  siliceous  than  elsewhere  ;  in  the  highest 
zones  they  become  remarkably  false-bedded.  The  Quartzite 
strata  are  frequently  interrupted  by  bands  and  wayboards 
of  purple  and  grey  shales.  These  are  most  abundant  in 
the  lower  third  of  the  formation,  wheie  they  often  alternate  layer 
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by  layer  with  the  quartzite  beds.  Sometimes,  however,  they 
group  themselves  into  thick  bands,  the  intervening  quartzite 
strata  being  almost  destitute  of  shaly  seams. 

Three  of  these  thicker  shale  bands  are  especially  conspicuous. 
Two  of  them  occur  almost  in  association  at  about  a  fourth  of  the 
height  of  the  Hartshill  Quartzite,  and  a  third  band  is  met  with  a 
short  distance  below  the  summit  of  the  formation.  The  presence 
of  these  thicker  shale  bands  allows  us  to  separate  the  Hartshill 
Quartzite  roughly  into  three  divisions.  That  portion  which 
intervenes  between  the  base  of  the  formation  and  the  summit  of  the 
double  shale  band  will  here  be  referred  to  as  the  Lower  (or  Park 
Hill)  Quartzite)  that  between  the  top  of  the  Lower  Quartzite  and 
base  of  the  third  shale  band  as  the  Middle  (or  Tuttle  Hilt)  Quartz- 
ite ;  and  that  between  the  base  of  the  third  shale  zone  and  the 
summit  of  the  formation  as  the  Upper  (or  Camp  Hill)  QaartMiU. 

No  fossils  (with  the  exception  of  worm-burrows)  have  as  yet 
been  detected  in  the  Lower  and  Middle  divisions  of  the  Hartshill 
quartzite,  but  the  shales  and  limestones  occurring  in  the  Upper 
or  Camp  Hill  division  have  afforded  many  organic  remains. 

Lower  Quartzite  {Park  Hill  Quartzite), — The  strata  forming 
the  Lowest  division  of  the  Hartshill  quartzite  are  admirably  exposed 
in  a  long  line  of  deep  quarries,  cutting  the  eastern  scarp  and  running 
back  to  the  roadway  which  practically  follows  the  line  of  the 
central  ridge.  These  quarries  supply  much  of  the  road  metal  of 
the  neighbouring  districts  of  the  Midlands,  the  rock  being 
much  used  because  of  its  great  hardness  and  good  weathering 
qualities. 

The  basement  layers  of  the  Lower  Quartzite  which  follow  at 
once   upon    the    Caldecote  Volcanic    Series     are    very    rarely 
exposed,    and     the     actual    place    of    contact    is     best     seen 
in   the   cutting   at    the    entrance    to    Mr.    Abel's    new   quarry 
near  Hartshill  Grange.     Here  a  deep  and  narrow  excavation  has 
been   made  through  the  Caldecote  Rocks  and    the   basement 
beds  of  the  Quartzite,  in  order  to  reach  tne  more  compact  and 
profitable   quartzite   bands    higher   up   in    the  Lower  Quartzite 
Series.     In  the  cliff-like  walls  of  this  cutting,  the  Caldecote  tuffs 
rise  in  a  low  anticlinal  form,  and  are  visibly  overlain  to  the  westwards 
by  the  basement  bands  of  the  quartzite,  which  shade  almost  in- 
sensibly upwards  into  the  main  mass  of  the  Lower  Quartzite  which 
is  excavated  in  the  quarry  beyond.     Between  the  rocks  which 
unequivocally  appertain  to  the  underlying  pyroclastic  Caldecote^^ 
Series,   and    those   which   as  undoubtedly  form  a   constituenir^ 
part  of  the  overlying  Hartshill  Quartzite,  only  a  few  feet  of  rocka 
of  a  dubious  character  intervene.     These  are  composed,  in  the 
main,  of  material  of  the  same  general  type  as  that  of  the  Cald< 
cote  Rocks,  but  are  intermixed  with  soft  conglomeratic  grits  an» 
lenticular  masses  of  shale.     This  intermediate  series  is  stain( 
of  a  bright  reddish-violet   colour,  and  may,  possibly,  represcM-- 
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the  products  of  degradation  of  the  underlying  Caldecote  Series. 
The  peculiar  basal  deposits  shown  at  Mr.  Boon's  quarry  have 
already  been  described  (pp.  331,  332). 

In  the  quarries  which  intervene  between  these  two  localities 
there  are  several  exposures  of  certain  sandy  and  conglomeratic 
strata  which  succeed  the  actual  basal  layers,  and  form  locally 
an  upper  part  of  the  basement  zone.  They  are  usually  purple  in 
colour,  contain  a  large  proportion  of  ashy  material  in  their  matrix, 
and  show  occasional  seams  of  pebbly  rock. 

The  beds  of  the  basement  zone — which  are  collectively 
only  a  few  yards  in  thickness — are  of  little  economic  value, 
but  the  strata  which  follow  upon  them,  and  form  the  main 
mass  of  the  Lower  Hartshill  Quartzite,  are,  on  the  other  hand, 
at  present  by  far  the  most  important  beds  in  the  entire 
formation  from  the  economic  point  of  view.  They  are  now 
being  worked  in  all  the  long  line  of  quarries  overlooking  the 
canal,  from  Nuneaton  to  Hartshill  Wharf.  The  majority  of  the 
strata  are  compact  quartzites,  which  vary  from  6  inches  to  4  feet 
in  thickness.  In  the  lower  half  of  the  division  the  quartzites  are 
thin-bedded  and  alternate  with  grey  or  purple  micaceous  shales ; 
in  the  upper  half  the  quartzites  become  more  massive,  and  the 
shales  group  themselves  into  thick  bands,  some  of  which,  as 
already  mentioned,  can  be  followed  through  the  entire  line  of 
quarries  for  a  distance  of  more  than  two  miles. 

Here  and  there  among  the  more  thinly  bedded  quartzites  occur 
bands  containing  ashy  material,  similar  to  that  of  the  matrix  of 
the  beds  of  the  basement  zone.  Occasionally  some  of  these 
coarser  beds  become  conglomeratic,  containing  scattered  pebbles 
or  rounded  masses  of  igneous  rock  (often  andesitic  or  basic), 
together  with  pebbles  of  grey  volcanic  flagstones,  not  unlike  some 
of  the  rocks  of  the  Charnian  Series.  An  excellent  example  of 
this  conglomerate  occurs  in  Messrs.  Trye's  quarry  at  the  junction 
of  the  Anchor  and  Hartshill  Roads. 

Middle  Quartzite  (Tuttle  Hill  Quartzite^^ThQ  strata  which 
belong  to  the  Middle  division  of  the  Hartshill  Quartzite  are  being 
worked  in  very  few  localities.  Only  two  quarries  are  at  present  in 
operation  in  this  division — namely,  one  at  Tuttle  Hill,  opposite 
the  Midland  Railway  Station,  and  another  at  the  junction  of  the 
roads  near  Caldecote  Windmill.  Both  afford  good  sections,  as 
also  do  several  disused  quarries  along  the  western  side  of  the 
roadway  runnmg  from  the  Windmill  to  Hartshill.  The  quartzites 
of  this  Middle  group  are  very  similar  to  those  of  the  Lower 
division  ;  but  the  shaly  bands  are  thin  and  infrequent. 

The  strata  of  both  the  Lower  and  Middle  Quartzite  are 
invaded  by  dykes  and  sills  of  diorite.  As  a  rule  the  larger  intrusive 
sheets  run  parallel  with  the  strike  of  the  beds  ;  but  the  smaller 
ones  can  occasionally  be  seen  to  cross  from  one  bed  to  another. 
The  largest  of  these  dykes,  which  is  40  ft.  to  50  ft.  in  thickness,  is 
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shown  in  the  Midland  quarry,  and  in  all  probability  runs  through 
the  whole  length  of  the  Cambrian  country.  These  diorite  dykes 
are,  perhaps,  most  abundant  in  the  lower  layers  of  the  quartzite, 
those  in  the  Hartshill  Grange  quarry  being  riddled  with  several 
which  vary  from  about  2  ft.  to  5  ft.  in  thickness,  and  other 
dykes  are  met  with  in  the  zones  above  and  below  the  shale 
bands.  None  of  these  dioritic  rocks  have  yet  been  found  to 
traverse  the  underlying  rocks  of  the  Caldecote  series. 

Upper  Quartzite  (Camp  Hill  Quartzite)  or  ffyolithus-Beds. — 
Near  the  summit  of  the  Hartshill  Quartzite  the  succession 
of  arenaceous  deposits  is  again  broken  by  a  shaly  zone  some 
50  ft.  in  thickness.  Like  the  shaly  zones  already  mentioned, 
this  band  is  both  preceded  and  succeeded  by  strata  which  are 
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best  called  quartzites ;  and,  for  convenience  of  lithological 
description,  this  shaly  band  and  the  quartzose  strata  above  it  are 
most  naturally  grouped  together  as  constituting  the  Upper  division 
of  the  Hartshill  Quartzite  itself.  The  only  known  exposure  of  this 
group  is  seen  in  the  Camp  Hill  Grange  quarry  or  cutting, 
belonging  to  Messrs.  Trye,  about  midway  along  the  S.W.  edge  of 
the  main  exposure  of  the  Hartshill  Quartzite. 

As  the  shaly  beds  are  approached  the  quartzite  becomes  thin- 
bedded,  and  is  marked  by  the  presence  of  abundant  grains  of 
glauconite.  Sandy  and  marly  shales,  with  much  mica,  then  set  in, 
alternating  with  the  quartzose  beds.  They  rapidly  become  more 
numerous,  and  at  last  preponderate,  while  the  intervening  arena- 
ceous rocks  grow  soft  and  crumbly,  and  contain  a  notable  quantity 
of  carbonate  of  lime. 

Where  the  rocks  are  most  shaly.  a  conglomeratic  band  is  met 
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with.  This  is  from  6  in.  to  9  in.  thick,  and  is  crowded  with  rounded 
pebbles  of  quartzite,  vein  quartz,  and  hardened  shales.  The 
matrix  in  which  the  pebbles  lie  is  purplish  red,  but  becomes  occa- 
sionally quite  black,  and  the  pebbles  themselves  are  coated  by  a 
black  substance  which  stains  the  fingers.  An  analysis  of  the  finer 
matrix,  made  by  Dr.  Warth,  shows  that  it  contains  about  14  per 
cent,  of  phosphate  of  lime. 

Above  this  conglomerate  follow  a  few  feet  of  purple  shales, 
highly  micaceous,  and  these  are  succeeded  by  2  ft.  of  red- 
coloured  limeston€y  well  stratified.  This  limestone  is  remarkably 
hard  and  tough,  and  breaks  with  a  conchoidal  fracture.  Some  of 
its  zones  are  very  rich  in  fossils,  especially  in  forms  of  Hyoliihus, 

The  HyolithuS'hesj'xng  or  Hyolite-Limestone  is  succeeded  by 
a  few  inches  of  red  shales,  which,  like  the  shales  below  and 
between  the  limestone  bands,  contain  iron  and  manganese. 

Finally,  we  have  a  mass  of  false-bedded  quartzite  or  hard 
quartzose  sandstone,  about  50  ft.  in  thickness.  This  differs  from 
the  quartzite  below  the  Hyolithus  group  in  being  more  purple  in 
colour  and  more  distinctly  false-bedded  throughout.  Grains  and 
chips  of  red  shaly  matter,  scattered  chips  and  grains  of  volcanic 
material  occur,  together  with  abundant  grains  of  glauconite. 

This  banded  quartzite,  which  is  somewhat  calcareous  at  its 
summit,  is  followed  immediately  by  the  green  and  purple  shales 
of  a  very  fine  texture,  which  form  the  base  of  the  succeeding 
series  known  as  the  Stockingford  Shales,  the  lowest  Imnds  of  which 
here  contain  calcareous  nodules.  They  are  cut  through  by  two 
dykes  of  diorite.  Higher  up  they  show  the  brilliantly  red  colour 
and  impalpable  texture  so  characteristic  of  the  lower  divisions  of 
the  Stockingford  series. 

The  fossils  of  the  Hyolite-Limestone  and  the  associated 
shales  (as  provisionally  determined  by  Miss  E.  M.  R.  Wood) 
include  the  following  : 

Hyolithus  comp.  princeps,  Billings. 

„  ,,      tenuistriata^  Linrs. 

„  „      obscurus,  Holm. 

„  „     lenticularis^  Holm. 

Orthotheca  de  geeri^  Holm.     O,  johnstrupt\  Holm. 
O.   comp.   communis,    Billings,    O,   corneoius    (?)    Holm. 

O.  comp.  teretiusculus,  Linrs. 
Coieoloides  typicalis,  Walcott. 

Stenotheca  rugosa,  Walcott.     S.  rugosa  var.  abrupta, 
Kutorgina  cingulata^  Bill. 

„  labradorica,  Bill. 

Orthisina  comp.  transversa^  Walcott.     Scenella  sp. 

The  general  facies  of  the  curious  fauna  of  this  Hyolite- 
Limestone  speaks  strongly  in  favour  of  the  view  that  it  is  of 
Lower  Cambrian  age,  answering  in  part  to  the  Olenellus-zon^  of 
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Other  regions.  The  Camp  Hill  species  of  HyoUthiis  are  best 
compared  with  species  occurring  either  in  the  Oienelius-zon^  of 
Sweden  or  of  North  America,  and  the  Coieoioides  is  very  similar 
to  one  found  upon  the  Olenellus  horizon  in  America.  The  forms 
of  Sienoiheca  and  of  Kutorgina  find  their  nearest  allies  in  species 
occurring  in  the  Olenellus-zon^  in  America  and  in  the  Paradoxidcs- 
zones  in  Scandinavia. 

The  stratigraphical  place  of  the  Hyolite  Limestone  in  the 
general  sequence  of  the  Nuneaton  Cambrian  also  supports  this 
view.  It  lies  between  the  main  Cambrian  Quartzite  of  the  district 
and  a  second  arenaceous  band,  as  the  Olenellus  and  Paradoxides- 
Limestone  of  Shropshire  lies  upon  the  Wrekin  Quartzite  and  is 
covered  by  the  HoUybush  Sandstone.  The  Trilobites  of  the  Shrop- 
shire deposit  are  wanting  from  the  Camp  Hill  Limestone,  but  the 
species  of  Stenotheca  and  Kutorgina  appear  to  be  common  to  both. 

If  this  view  of  the  geological  age  and  stratigraphical  place  of 
the  Hyolite  Limestone  band  is  well  founded — the  Camp  Hill 
false-bedded  or  banded  Quartzite  answers  to  the  Comley  or 
Hollybush  Sandstone  of  the  Shropshire  and  Malvern  successions. 
At  first  sight  it  would  seem  that  the  two  had  little  or  nothing  in 
common  lithologically ;  but  on  the  one  hand  the  green  Hollybush 
Sandstone  contains  occasionally  so  much  arenaceous  matter  as 
almost  to  deserve  the  name  of  quartzite ;  and  on  the  other  this 
Camp  Hill  Quartzite  is  marked  by  the  presence  of  basic  volcanic 
matter  like  that  present  in  the  Hollybush  Sandstone,  and  like  that 
formation  is  fairly  rich  in  grains  of  glauconite. 

Stockingford  Shales, — Following  immediately  upon  the  Camp 
Hill  Quartzite,  and  apparently  coinciding  precisely  with  it  as  regards 
its  dip,  we  find  a  thick  mass  of  shaly  strata,  namely,  the  Stockingford 
Shales.  This  name  was  first  suggested  by  Mr.  Jerome  Harrison 
after  the  locality  where  these  beds  are  well  displayed. 

These  Stockingford  Shales  fill  up  the  greater  part  of  this 
Cambrian  district.  In  the  central  parts  of  the  inlier,  between 
Chapel  End  and  Nuneaton,  their  outcrop  is  about  a  quarter  of  a 
mile  in  width.  To  the  N.W.  and  S.E.,  however,  their  breadth 
rapidly  increases,  and  beyond  the  point  where  the  Quartzite 
disappears  north  of  Hartshill  and  south  of  Tuttle  Hill,  the 
Stockingford  Shales  occupy  the  entire  diameter  of  the  inlier. 

To  the  south-westward  the  Stockingford  Shales  are  followed 
unconformably  by  the  basement  beds  of  the  Carboniferous  of 
the  E.  Warwickshire  Coalfield.  An  excellent  section  of  the  un- 
conformity between  the  two  systems  is  shown  in  Messrs.  Trye's 
new  railway  cutting  N.  of  Chapel  End. 

As  we  trace  the  base  of  the  Carboniferous  to  the  N.W.  from 
Stockingford  to  Merevale,  higher  and  higher  bands  of  the  Stock 
ingford  Shales  rise  out  from  below,  until  at  Merevale  Park  and  its 
neighbourhood   the   highest  known   strata   of  the   Stockingfor 
Shales,  namely,  the  Dictyonema  Beds,  are  laid  bare,  and  the  out 
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crop  of  the  formation  is  at  its  maximum  width  of  a  little  more 
than  a  mile. 

The  Stockingford  Shales  consist  throughout  of  fine-grained 
materials,  forming  thin-bedded  shales  or  crumbly  mudstones.  The 
shales,  where  best  developed,  split  into  layers  often  as  thin  as  a 
playing  card,  and  the  mudstones  occur  in  thick  bands,  breaking 
up  into  shivery  and  wafer-like  fragments.  There  are  few  or  no 
well-marked  sandy  or  gritty  beds  throughout  the  entire  series, 
although  strata  of  a  more  compact  character  occasionally 
occur.  These,  however,  owe  their  hardness  to  the  presence  of 
calcareous  matter  or  to  the  proximity  of  the  injected  igneous 
rocks. 

The  Stockingford  Shales  fall  into  three  fairly  well-marked 
lithological  divisions,  namely  : 

1.  A  Lower  Division^  formed  of  brightly-coloured  purple  mud- 
stones and  shales,  approximating  almost  to  scarlet,  with  occasional 
green  and  grey  bands,  more  or  less  felspathic ; 

2.  A  Middle  Division^  formed  essentially  of  black  shales,  often 
highly  carbonaceous  and  ferruginous  ;  the  black  shales  being 
locally  interrupted  by  bands  of  grey  and  green  material ; 

3.  An  Upper  Division^  formed  of  grey  shales,  apparently 
destitute  of  both  the  red  and  black  bands,  and  somewhat 
thicker-bedded  than  the  shales  of  the  lower  divisions. 

Lower  Stockingford  Beds  (Pur ley  Shales).  —  The  Ix)wer 
Stockingford  Shales  or  purple  mudstones  range  from  Wash  Lane 
to  the  VV.  of  Nuneaton,  along  the  S.W.  margin  of  the  Quartzite, 
past  Camp  Hill  and  Hartshill,  and  are  continued  through  Purley 
Park  into  the  rolling  grounds  of  the  Outwoods  as  far  as  Ather- 
stone.  The  dip  varies  from  30  degrees  to  60  degrees,  and  the 
thickness  of  the  zone  may  be  set  down  as  about  600  feet. 

The  beds  belonging  to  this  group  are  exposed  in  Atherstone 
Outwoods,  Purley  Park,  and  in  the  Midland  Railway  cutting  near 
Nuneaton ;  the  best  sections  are  those  in  Purley  Park  Lane. 
The  majority  of  the  beds  are  of  a  reddish  purple  colour,  possibly 
due  to  the  presence  of  manganese,  which  was  formerly  worked  in 
this  group.  With  the  purple  zones  occur  bands  of  pale-green 
shales,  often  weathering  to  a  buff  tint  The  entire  group  has  all 
the  appearance  of  being  largely  formed  of  excessively  fine-grained 
felspathic  material,  either  contemporaneous  volcanic  dust,  or  the 
impalpable  wash  derived  from  an  area  of  consolidated  igneous 
rocks.  Lithologically,  this  sub-formation  bears  a  striking 
resemblance  to  the  well-known  Tarannon  Shales  of  Wales.  Near 
the  summit  of  the  sub-division  dark  grey  bands  begin  to  come  in, 
with  carbonaceous  seams  here  and  there,  and  the  group  passes 
insensibly  into  the  succeeding  sub- formation,  in  which  the  char- 
acteristic purple  beds  are  wanting. 

This  purple  and  green  group,  which  we  may  call  the 
August,  1898.]  27 
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Purley  Shaies,  after  the  locality  where  they  are  best 
exhibited,  has  yielded  as  yet  but  few  fossils.  These  fossils 
are  usually  confined  to  thin  zones,  and  the  main  mass  of  the  rock 
appears  to  be  wholly  barren.  The  best  locality  for  fossils  from 
this  sub-formation  is  Purley  Park  Lane.  The  following  include 
the  forms  which  have  been  collected  up  to  the  present  time. 

Minute  forms  of  Lingula  or  Linguiella  occur,  whidi  call  to  mind 
the  Lingula  sp.  of  Linnarsson,  figured  by  him  from  the  Paradoxides 
forchammeri  beds  of  Sweden.  Some  of  the  examples  have  been 
referred  to  Lingulelia  ferruginea^  Salt.,  from  the  Menevian  Beds  of 
St.  Davids,  some  to  Lingula  pygmea^  from  the  Blade  shales 
(Lingula  Flags)  of  Malvern,  and  others  to  LinguUtta  lepis^  Salt, 
from  the  Up.  Lingula  Flags  of  Portmadoc.  According  to  Mr. 
C.  A.  Matley,  who  has  worked  over  the  Bradiiopoda,  it  is 
possible,  however,  that  only  one  species  {Lingula  sp.)  occurs  here, 
together  with  a  well  marked  and  more  pointed  variety. 

Associated  with  these  is  Obolella  comp.  sagittaUs^  Salt^  which 
occurs  in  the  Menevian,  and  in  the  Hollybush  Sandstone  of 
Malvern.  Acrothele  granulata^  Linrs.,  of  the  Swedish  Paradoxides 
forchammeri  Beds,  and  Acrothele  comp.  intermedia^  Linrs.,  of 
the  Conocoryphe  exulans  Beds  of  Sweden  have  also  been  identified, 
together  with  a  new  form. 

There  is  a  new  form  of  Acrotreta^  according  to  Mr.  Matley, 
allied  to  A,  sociale  v.  Seebach  and  to  Obolella  sabrince  of  Callaway. 
We   have   also   examples  of  a    sponge  allied  to  Praiospongia 
fenestrata. 

Only  one  fragment  of  a  trilobite  has  been  met  with,  which 
shows  the  pygidium  and  a  few  body  segments.  It  is  probably 
referable  to  Conocoryphe,  and  allied  to  C,  coronata^  Barr.,  and 
C,  exulans y  Linrs. 

Middle  Stockingford  Bed.  {Oldbury  Shales).— Th^sit  form 
the  central  or  main  division  of  the  Stockingford  Shale  group,  and 
are  characterised  by  the  abundance  of  black  carbonaceous  bands 
which  they  contain,  associated,  however,  with  many  bands  of  grey 
and  brown  tints.  The  rocks,  as  a  whole,  are  harder  than  those 
of  the  Lower  Stockingford  series  and  contain  a  much  smaller 
proportion  of  felspathic  matter. 

The  rocks  are  well  exposed  in  the  cutting  of  the  Midland 
Railway  at  Stockingford,  and  in  the  London  and  North-Westem 
Railway  cutting  at  Chilvers  Coton.  Other  sections  occur  along 
the  banks  of  the  canal  near  Griff,  in  the  quarries  and  cuttings  at 
Chapel  End,  in  the  quarry  at  Oldbury  reservoir,  in  the  woods  near 
Mawbornes,  and  elsewhere. 

Fossils  are  somewhat  more  common  in  this  series  than  in  th 
underlying  division,  but  they  are  nowhere  abundant      In  wha 
appear  to  be  the  lowest  beds  as  shown  near  Chilvers  Coton,  the 
occur  examples  of  an  Agnostus  of  the  type  of  A,  pisifarmis^  Lin 
(apparently  var.  sociale  of  Tullberg).   This  has  also  been  met  with  i 
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the  Stockingford  cutting  and  near  Oldbury  reservoir.  Perhaps  the 
commonest  fossil  in  the  lower  parts  of  the  band  is  a  Beyrichia^ 
apparently  identical  with  B,  an^elini^  Barr.,  a  well-known 
Swedish  form.  With  this  occurs  a  species  of  Ungula  or 
JJnguleUa^  of  the  type  of  L.  lepis  and  Z.  sabrina^  together 
with  a  species  of  Leperditia,  At  a  somewhat  higher  horizon  the 
officers  of  the  Geological  Survey  obtained  many  fragmentary 
examples  of  an  Glenoid  fonn,  Olentis  (?)  nuneatanensis.  Another 
form  of  Agnostus^  apparently  A,  cyclopyge^  Tullb.,  is  met  with  in 
the  middle  beds  of  this  group  in  the  Stockingford  cutting,  etc 
What  appear  to  be  the  highest  zones  of  this  band  occur  in 
Mawbome  Woods,  and  have  yielded  abundant  fragments  of  forms 
which  appear  to  belong  to  Spharophthaimus  alatus,  Boeck, 
and  Ctenopyge  (compare  C.  pecten^  Salter). 

Upper  Stockingford  Beds  {Aferevaie  Shales), — These  are  known 
only  in  the  extreme  N.W.  comer  of  the  Cambrian  inlier,  in  the 
neighbourhood  of  Merevale  Abbey.  They  are  marked  by  the 
presence  of  abundant  examples  of  Dictyonema  sociaie^  Salt.=2>. 
Aabelliformis^  Eichwald,  which  were  first  detected  here  by  the 
officers  of  the  Geological  Survey. 

Few  sections  are  exposed,  the  best  being  shown  in  an  old 
quarry  200  yards  W.  of  Merevale  Abbey. 

The  strata  consist  of  thin-bedded  greenish-grey  shales,  which 
agree  in  their  general  characters  with  the  similarly  coloured  shales 
that  alternate  with  the  black  carbonaceous  beds  of  the  Middle 
or  Oldbury  division. 

The  following  table  shows  the  vertical  distribution .  of  the 
fossils  already  obtained  from  the  Cambrian  rocks  of  this  Nuneaton 
inlier,  together  with  that  of  their  nearest  allies  or  representatives 
occurring  in  other  regions.  It  has  been  drawn  up  by  Miss  £.  M.  R. 
Wood,  who  has  recently  re-examined  the  Cambrian  fossils  from 
these  Nuneaton  Rocks,  obtained  by  Midland  geologists,  and  also 
(through  the  kindness  of  Sir  A.  Geikie)  those  in  the  collection 
of  H.M.  Geological  Survey.  Those  marked  (S)  occur  only  in 
the  Survey  Collections ;  those  marked  (M)  in  the  Collections  of 
Midland  Geologists ;  the  remainder  appear  to  be  common  to 
both.  It  is  evident  that  the  fossils  of  the  Hyolite  limestone 
at  the  base  appear  to  have  their  nearest  representatives  in  the 
Olenellus  zone  or  Lowest  Cambrian  of  Europe  and  America. 
Those  of  the  Lower  Stockingford  Shales  occur  in  the  Para- 
doxides  or  Menevian  zone ;  those  of  the  Middle  and  Upper 
Stockingford  Shales  are  found  elsewhere  in  the  upper 
division  (or  Dolgelly  group)  of  the  Lingula  Flags.  The  Black 
Shales  of  the  Middle  Stockingford  Division  (or  Oldbury  Shale) 
may  be  confidently  paralleled  with  the  Lower  Dolgelly  Beds  of 
North  Wales  and  their  equivalents  the  Black  Shales  of  Malvern  ; 
and  the  Upper  Stockingford  Shales  (Merevale  Shales),  with  the 
succeeding  Upper  Dolgelly  Division  (Dictyonefna-heds)  of  North 
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Wales,  and  their  foreign  equivalents.  There  is  as  yet  no  direct 
evidence  forthcoming  of  the  presence  of  the  Lower  Lingula  Flags 
(Maentwrog  and  Festiniog  beds)  in  the  Nuneaton  area ;  but  as  the 
Nuneaton  sequence  appears  to  be  continuous  from  base  to  summit 
it  is  just  possible  that  they  are  represented  by  the  upper  bands  of 
the  Purley  Shales  and  the  lowest  zones  of  the  Oldbury  series. 

If  the  entire  Cambrian  sequence  is  here  represented,  it  may 
not  only  be  paralleled  broadly  with  that  of  West  Wales,  Shropshire, 
and  the  Malvern  Hills,  but  also  with  that  of  the  N.W.  Highlands 
of  Scotland  and  that  of  Scandinavia. 

The  Hartshill  Quartzite  appears  to  be  homotaxial  with  the 
Eriboll  Quartzite  of  N.W.  Scotland;  the Ifyo/siAuS'ShBles  znd  lime- 
stone with  the  Fucoid  shales  and  limestone  containing  Olenelhis ; 
and  the  Camp  Hill  Quartzite  with  the  overlying  Saiterella-GnL 
In  Scotland,  however,  in  place  of  the  argillaceous  Stocktngford 
Shales,  we  find  the  thick  calcareous  series  of  the  Durness 
Limestone  Group. 

Cambrian  of  the  Lower  Lickev  Hills. 

The  core  of  the  long  wedge-like  range  of  the  Lower  Lickey 
Hills,  extending  from  the  neighbourhood  of  Barnt  Green  to  the 
railway  station  of  Rubery,  about  two  miles  to  the  north-eastward, 
is  formed  of  a  thick  mass  of  quartzite,  which  rises  in  one  locality 
(Coston  Hill)  to  a  height  of  more  than  800  feet  above  the  level  of 
the  sea. 

This  Quartzite,  which  is  very  similar  in  its  general  characters 
to  the  Hartshill  Quartzite  of  Nuneaton,  is  laid  bare  in  several 
natural  and  artificial  sections.  The  best  natural  section  \s 
afforded  by  the  transverse  hollow  at  Rednal,  where  the  Lower 
Lickey  ridge  is  cut  through  by  the  little  stream  of  the  Arrow. 
The  most  conspicuous  artificial  section  is  seen  at  Rubery  station, 
where  the  quartzite  is  at  present  being  excavated  for  use  at  the 
Frankley  reservoir,  now  in  course  of  construction  for  the 
Birmingham  Water  Supply.  This  Lickey  Quartzite  has  also  long 
been  utilised  as  road  metal,  and  is  cut  into  by  many  quarries  ^ 
often  of  great  size,  as  at  Bilberry  Hill,  Rubery  village,  and^ 
elsewhere. 

Unlike   the   Hartshill    Quartzite  of  Nuneaton,   this   Lickej^- 
Quartzite  is  much  folded,  jointed,  and  shattered.     Neither  th^». 
base    nor    the  summit  of  the    formation   is  exposed,   and  tl 
disconnected  sections  do  not  afford  a  sufficiency  of  evidence 
enable  us  to  construct  a  complete  ascending  succession. 

While  the  general  course  of  the  outcrop  of  the  Quj 
ranges  from  S.E.  to  N.W.,  in  consonance  with  the  axis  of  tl 
Lower  Lickey  Range  itself,  both  the  strike  and  the  dip  are  ve 
inconstant.    Towards  the  southern  extremity  of  the  Range 
beds  are  disposed,  more  or  less,  in  a  synclinal  form,  with 
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average  N.W.  strike.  Towards  the  northern  extremity  of  the 
Range  they  have  an  anticlinal  disposition,  and  strike  almost  north 
and  south. 

What  is  probably  the  lowest  division  of  the  Lickey  Quartzite 
is  shown  in  the  large  quarry  on  the  eastern  flank  of  Bilberry  Hill. 
Here  the  quartzite  is  more  flaggy  than  elsewhere,  and  is  made  up 
of  bands  varying  from  6  inches  to  about  2  feet  in  thickness, 
generally  divided  from  each  other  by  thin  bands  of  sandy  shale. 
The  majority  of  the  siliceous  beds  are  distinctly  quartzites ;  but 
some  layers  are  soft  in  texture,  and  are  in  part  composed  of 
volcanic  or  tu^Eiceous  material  —  mainly  felspathic;  recalling, 
in  this  regard,  some  of  the  beds  of  the  Barnt  Green  Rocks 
to  the  south.  The  shales  are  usually  purple  in  colour,  and  some- 
what micaceous. 

The  beds  exposed  in  this  Bilberry  quarry  strongly  remind  us, 
as  a  group,  of  those  of  the  lower  Hartshill  Quartzite,  not  only  in 
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the  thin-bedded  character  of  the  arenaceous  zones  and  the 
abundance  of  purple  shales,  but  also  by  the  intercalated 
layers  of  what  may  be  termed  volcanic  grits,  which,  indeed,  some- 
times take  on  the  character  of  fine  conglomerates. 

The  strata  in  this  quarry  are  partly  reversed  by  a  remarkable 
overfold,  and  have  been  cut  at  the  S.E.  extremity  of  the  exposure 
by  a  downthrow  fault  (Pi.  XI,  fig.  i). 

In  the  Rednal  Gorge  the  Quartzites  are  destitute  of  shaly 
bands,  and  are  remarkably  shattered.  At  Rubery  Village  the 
beds  are  more  massive  than  elsewhere.  They  dip  at  a  low 
angle  to  the  eastward,  and  are  overlain  unconformably  by  the 
Llandovery  Sandstone  of  the  Silurian. 

No  fossils,  except  worm- burrows,  have  yet  been  detected  in 
this  Lickey  Quartzite,  but  its  lithological  resemblance  to  the 
Hartshill  Quartzite  of  Nuneaton,  its  unconformable  infraposition 
to  the  Silurian  of  the  district  on  the  one  hand,  and  its  associa- 
tion with  the  pyroclastic  (?=Caldecote)  series  of  Bamt  Green  on 
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the  other,  render  it  practically  certain  that  it  is  of  Cambrian  age 
and  the  local  representative  of  the-  Quartzites  of  Hartshill  and 
the  Wrekin. 

No  traces  of  the  Hollybush  Sandstone,  or  of  its  equivalent,  the 
Camp  Hill  Quartzite  of  the  Nuneaton  District,  have  yet  been 
detected  in  the  Lickey  area. 

Silurian  System. 

The  strata  belonging  to  the  Silurian  System  appear  to  have 
extended  originally  in  an  unbroken  mass  over  the  whole  of  the 
Birmingham  District,  forming  a  thick  sheet  of  fossilifierous 
deposits,  which  was  not  only  in  direct  continuity  with  that  of  the 
typical  Silurian  of  Shropshire,  but  was  marked,  by  the  same 
lithological  characteristics,  and  made  up  of  the  same  natuial 
divisions. 

Like  the  Shropshire  Silurian,  the  Midland  series,  regarded  as 
a  whole,  is  composed  of  a  succession  of  blue  and  greyish  green 
mudstones  and  shales,  relieved  upon  certain  definite  horizons  by 
bands  of  grey  limestones,  rich  in  fossils  and  of  notable  economic 
value.  At  its  base  this  Silurian  series  rests  unconformably  upon 
an  irregular  surface,  composed  in  part  of  Archaean  and  in  part  of 
Cambrian  rocks.  At  its  summit  it  apparently  graduated  upwards 
through  the  fish-bearing  Passage  Beds  into  the  lowest  strata  of 
the  Old  Red  Sandstone. 

In  the  typical  Silurian  area  of  Shropshire  the  strata  of 
the  system  crop  out  in  a  single  broad  and  continuous  band, 
which  intervenes  naturally  between  the  outcrops  of  the  pre- 
Silurian  and  post-Silurian  systems  of  the  country ;  the  strata  are 
very  gently  inclined,  and  the  comp>onent  formations  are  displayed 
in  natural  sequence  from  the  base  to  the  summit  of  the  system. 

The  case,  however,  is  very  different  with  the  corresponding 
strata  of  the  Birmingham  District.    The  Silurian  rock  sheet  is 
here  generally  hidden  from  sight  by  the  rocks  of  the  overlying 
and  newer  systems,  and  its  strata  crop  out  only  along  the  crests- 
or  flanks  of  a  number  of  sharp  anticlinal  folds;  while  none  of  the- 
Silurian  exposures  are  more  than  a  few  square  miles  in  horizontaL 
extent.     Where  these  Silurian  strata  are  gently  inclined  only  a^ 
mere  fraction  of  the  system  is  exposed ;  where,  as  in  a  few  areas^ 
the  entire  succession  is  displayed,  the  strata  dip  very  steeply 
or  are  even  inverted. 

The  Silurian  exposures  of  the  Birmingham  District  arrange 
themselves  very  naturally  in  two  distinct  groups,  viz.,  those  of  th^ 
IVesferfiy  or  Malvern- Abberky  region^  and  those  of  the  Centra/ 
region  of  the  South  Staffordshire  Coalfield. 

The  longest  and  most  continuous  outcrop  of  Silurian  strata  in 
the  district  occurs  along  the  course  of  the  sharp  anticlinal  form  of 
the  Malvem-Abberley  range — running  almost  directly  N.  and  SL 
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)r  a  distance  of  at  least  twenty  miles  parallel  with  the  Severn 
alley,  but  not  attaining  a  width  of  more  than  two  miles. 

In  the  central  parts  of  the  Birmingham  District,  in  and  around 
le  South  Staffordshire  Coalfield,  Silurian  rocks  are  exposed 
1  scattered  patches,  the  majority  less  than  a  square  mile  in 
idividual  extent.  These  rise  as  isolated  inliers  through  the 
nconfonnably  overlying  Carboniferous  and  Trias.  None  of 
lese  inliers  show  more  than  a  fraction  of  the  Silurian  succession, 
ul  by  piecing  together  the  various  sections  met  with  in  the 
everal  exposures  it  is  demonstrable  that  all  the  typical  Silurian 
)rmations,  from  the  Llandovery  to  the  Ludlow  Limestone,  are 
resent  in  the  same  order  and  with  the  same  lithological  and 
alceontological  characteristics,  as  in  Central  Shropshire  and  in 
le  Malvern  and  Abberley  Hills. 

The  Silurian  formations  occurring  in  the  Midlands  abound  in 
rganic  remains,  especially  the  strata  of  the  inliers  of  the  central 
arts  of  the  district.  They  have  long  had  a  world-wide  reputa- 
on  for  the  number  and  excellent  state  of  preservation  of  the 
)ssils  which  have  been  collected  from  them.  The  well-known 
ilurian  localities  of  the  Dudley  Hills  have  been  famous  in  the 
eological  world  since  the  publication  of  Murchison's  great  work 
n  The  Stlurian  SystetN,  Bed  for  bed  it  is  probable  that  these 
lidland  Silurian  rocks  are  no  more  prolific  in  fossils  than  their 
hropshire  representatives ;  but  the  Dudley  limestones  have  been 
orked  for  centuries  as  a  flux  for  the  ironstones  of  the  surround- 
ig  South  Staffordshire  Coalfield,  and  consequently  abundant — 
id,  indeed,  unrivalled — opportunities  have  been  afforded  for  the 
iscovery  and  collection  of  the  fossils  of  the  limestones  and 
lose  of  the  underlying  and  overlying  shales.  For  many  years — 
>I>ecially  about  the  middle  of  the  present  century,  when  the 
mestone  workings  were  open  to  the  surface — these  fossils  were 
isiduously  collected  i>ersonally,  or  were  purchased  from  the 
orkmen,  by  local  geologists  and  others.  It  may,  perhaps,  be 
ifely  asserted  that  the  majority  of  the  finest  examples  of  British 
ilurian  fossils  now  enriching  the  public  and  private  geological 
^Uections,  both  in  Britain  and  abroad,  were  originally  obtained 
cm  the  Silurian  rocks  of  the  Birmingham  District. 

The  basal  or  Llandovery  member  of  the  Midland  Silurian 
>  a  formation  of  coarse  sandstone,  usually  of  a  red  colour, 
ccasionally  conglomeratic  in  its  lower  zones,  and  containing,  locally, 
ebbles  and  fragments  derived  from  the  degradation  of  the 
nderlying  Archaean  and  Cambrian  rocks.  In  its  higher  zones 
le  sandstone  becomes  of  a  finer  grain,  and  occasionally  grows 
larkedly  calcareous.  The  formation  contains  examples  of 
\ntameru5  oblongus  and  other  characteristic  fossils,  which  fix 
5  age  as  that  of  the  Upper  Llandovery.  No  certain  trace  of 
tie  Lower  Llandovery  has  yet  been  detected  within  the  limits  of 
iie  Birmingham  District.     The  naturally  succeeding  formation — 
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the  Tarannotty  or  Purple  Shale  of  Siluria — is  as  yet  unknown,  at 
least  in  its  typical  lithological  form,  in  the  Midland  areas ;  but 
certain  bluish  and  pinkish  shaly  and  flaggy  strata  with  calcareous 
seams,  which  follow  at  once  upon  the  Llandovery  Sandstone 
group,  may  be  looked  upon  as  its  probable  equivalent 

The  Wenlock  formation  is  represented  1^  its  usual  succession 
of  oodular  shales  and  inudstones,  here  from  i,ooo  to  2,000  ft.  in 
thickness.  The  Woolhope  Limestone  (which  is  locally  wanting  in 
Shropshire)  forms  the  base  of  the  Wenlock  series  in  the  Midlands 
and  attains  a  thickness  of  150ft.  in  the  Malvern  region.  It  thins 
gradually  as  it  is  followed  through  the  district  to  the  north  and 
west,  but  it  is  found  to  be  universally  present  where  the  lower 
Wenlock  beds  are  laid  bare  in  the  Midland  areas.  In  the  South 
Staffordshire  region  it  is  generally  known  by  the  local  name  ot  the 
Barr  Limestone^  after  the  locality  of  Barr  near  Walsall,  where  it  is 
richly  fossiliferous  but  is  reduced  to  only  a  few  yards  in  vertical 
extent.  The  Wenlock  Shale  which  succeeds,  is  of  the  same  litho- 
logical character  as  the  Wenlock  Shale  of  Shropshire,  but 
is  much  reduced  in  thickness.  The  Wenlock  Limestone^  which 
constitutes  the  final  member  of  the  series,  is  fully  as  conspicuous 
in  the  Midland  region  as  in  Shropshire ;  but,  instead  of  forming 
a  single  bed  as  in  the  Wenlock  Edge,  it  is  made  up  of  two 
distinct  limestone  zones,  each  from  20  to  30  ft.  in  thickness, 
which  are  divided  from  each  other  by  a  thick  zone  of  nodular 
shales. 

The  Ludlow  formation   is  complete  in  the    Malvern    and 
Abberley  areas  ;  showing  the  Lower  Ludlow  Shales  at  the  base,  a. 
representative  of  the   Ludlow   or  Aymestry   Limestone   in   the 
middle,  and  the   Upper  Ludlow  Shales  at  the  summit.     These 
last  pass  conformably  upwards  into  the  l)ase  of  the  Old  Red- 
Sandstone  and  afford  fossils  characteristic  of  the  Passage  Bed^ 
of  Siluria.     In  the  South  Staffordshire  areas  the  Lower  Ludlo^ir^ 
Shales  and  Aymestry  Limestone  are  exposed  only  in  a  single  inlier  ^ 
namely,  in  that  of  the  village  of  Sedgley  between  Dudley  an(3 
Wolverhampton.     This  also  is  the  only  locality  where  the  Uppe^ 
Ludlow  Beds  are  seen  in  the  central  areas,  a  few  feet  of  calcareous 
shales   intervening   between   the    Sedgley    Limestpne    and    th-^ 
unconformably  overlying  Carboniferous  rocks.     No  higher  Silui^ 
•rian  strata  are  laid  bare  at  the  surface,  but  Silurian  shales  wit^' 
characteristic  Passage-Bed  fossils  were  pierced  in  sinking  for  co^s 
at    the    Manor    Pits,  near    the    town    of    Halesowen,    in    th: — 
South  Staffordshire  Coalfield. 

Silurian  of  the  Malvern  and  Abberley  Area. 

The  southern  half  of  this  long  and  narrow  anticlinal  is  flank^:^  « 
from  Chase  End  to  North  Malvern  by  a  strip  of  Silurian  st 
about  a  mile  in  width,  which  intervenes  between  the  crystalline 
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of  the  hills  and  the  wide-spreading  sheet  of  the  Old  Red  Sandstone 
to  the  west  On  the  eastern  sidie  the  Triassic  beds  are  faulted 
against  the  hills  and  the  Silurian  is  unseen.  In  the  northern  half 
of  the  range  (from  North  Hill  to  Abberley)  the  crystalline  rocks 
disappear  from  sight,  and  both  limbs  of  the  shattered  anticline, 
which  is  here  nearly  two  miles  in  width,  are  constituted  by 
Silurian  strata.  Along  this  Malvern-Abberley  line  the  whole  of 
the  Silurian  System  is  shown  from  base  to  summit, — its  lowest 
strata  resting  unconformably  upon  the  crystalline  and  Archaean 
rocks  (except  in  the  Eastnor  district,  at  the  south-west 
extremity  of  the  range,  where  they  transgress  upon  the  various 
members  of  the  Cambrian);  and  its  highest  beds  everywhere 
passing  up  conformably  into  the  basement  layers  of  the  Old  Red 
Sandstone.  In  the  extreme  south  of  this  long  Silurian  outcrop 
the  strata  dip  at  a  gentle  angle  ;  in  the  central  parts  they  are  often 
very  steeply  inclined,  especially  where  they  are  in  contact  with 
the  Archaean  rocks;  while  in  the  extreme  north  of  the  range, 

M  amble  Abberley  Hundred 

V.     Coalfield.  HilU  House.  S.S.E. 
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Fig.  9. — Section  across  Adberlev  Hill. — W.  Wickham  King,  after  Phiiiips. 

/^.  Keuper  Sandstone.  c.    Old  Red  Sandstone. 

f.  Permian  Breccia.  bT'.  Upper  Ludlow  Rocks  and  Downton  Sandstone. 

'<»'*.  Coal-measures.  b"**.  Aymestry  Limestone. 

bT.     Lower  Ludlow  Shales. 

namely  in  the  Abberley  Hills  themselves,  they  are  excessively 
folded,  often  inverted,  and  in  some  cases  completely  overturned. 

Silurian  Strata  of  the  Central  Areas: — South 
Staffordshire    Coalfield    and    its    Neighbourhood. 

The  exposures  of  Silurian  strata  found  in  the  central  parts  of 
the  Birmingham  District  occur  either  within  or  upon  the  borders 
of  the  South  Staffordshire  Coalfield.  They  constitute  nine 
distinct  inliers : — namely  those  of  (i)  Walsall,  (2)  Sedgley,  (3) 
The  Wren's  Nest,  (4)  Dudley  Castle  Hill,  (5)  Turner's  Wood,  (6) 
The  Lye,  (7)  Rubery,  (8)  Rednal,  (9)  Kendal  End. 

Two  of  these  inliers, — those  of  Walsall  and  Turner's  Wood — 
lie  upon  the  outer  margins  of  the  South  Staffordshire  Coalfield — 
the  first  upon  its  eastern,  and  the  second  upon  its  western  edge. 
The  inliers  of  Sedgley,  Wren's  Nest,  and  Dudley  Castle  Hill,  lie 
upon  the  crest  of  the  Dudley  anticlinal,  which  traverses  the  Coal- 
field obliquely  along  a  N.W.  and  S.E.  line  running  from  Wolver- 
hampton through  Rowley  Regis ;  and  the  Lye  exposure  occurs  at 
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the  south-west  end  of  the  Netherton  anticline,  which  crosses  the 
S.W.  division  of  the  Coalfield  about  two  miles  east  of  Stoar- 
bridge.  The  Silurian  exposures  of  Rubery,  Rednal,  and  Kendal 
End,  are  met  with  a  short  distance  outside  the  actual  southern 
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—View  of  Wai.sgkove  (juarrv,  Abbbrlev. 

Showing  inversion  of  Ludlow  Rocks. 
a;  from  a  phologta^h  iy  Mr.  H.  Evirs-Saimdell:^ 
c.  Old  Red  Sandstone. 
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boundaries  of  the  Coalfield,  and  lie  upon  the  crest  and  flanks  ■■ 
the  anticlinal  form  of  the  Lower  Lickey  Hills. 

Of  these  various  inliers,  that  of  Walsalt  (or  Barr)  is  the  mcr 
important  from  a  geographical  point  of  view,  occupyirig  an  ar- 
of  from  live  to  six  square  miles.  The  inliers  of  the  Dudley  ixm 
cline  are  richest  in  fossils,  and  are  those  which  are  beat  know 
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o  geologists.  The  Silurian  exposures  of  the  Lickey  Hills  are 
mall,  but  they  are  very  noteworthy  as  presenting  us  with  the 
asement  b)eds  of  the  system.  The  remaining  inliers  are  of  no 
reat  geological  importance,  and  will  not  be  noticed  further  in 
iiis  place. 

Silurian  Exposures  of  the  Lower  Lickey  Hills. 

Llandovery  Sandstone, — At  the  village  of  Rubery,  near  the 
lorthern  extremity  of  the  Lower  Lickey  Hills,  there  occurs  an 
)utcrop  of  coarse-grained  sandstone  a  few  square  acres  in  extent. 
This  sandstone,  which  is  of  no  great  thickness,  is  marked  by  the 
3resence  of  abundant  casts  of  fossils  characteristic  of  the  Upper 
Llandovery  rocks.  A  good  section  of  the  sandstone  is  laid  open 
Dn  the  southern  side  of  the  Birmingham  and  Bromsgrove  Road, 
opposite  the  school-house  of  Rubery  village.  The  lowest-beds  of 
the  sandstone  rest  unconformably  upon  the  beds  of  the  local 
Cambrian  or  Lickey  Quartzite.  Irregular  veins  of  the  sandy 
material  fill  up  hollows  and  fissures  in  the  surface  of  the 
Quartzite  itself,  and  angular  chips  and  small  pebbles  of  the 
Quartzite  can  be  collected  from  the  unaltered  sandstone  near  its 
base.  In  mass,  the  Rubery  Sandstone  is  of  a  dark  red  colour,  its 
matrix  is  more  or  less  calcareous,  and  its  component  grains  are 
large,  well  rounded,  and  easily  discernible  with  the  naked  eye ; 
the  sandstone  is  therefore  readily  distinguished  lithologically,  as  a 
whole,  from  the  pale,  compact,  and  highly  siliceous  Cambrian 
Quartzite  upon  which  it  lies.  Occasionally,  however,  it  becomes 
pale  in  colour  and  the  matrix  more  siliceous,  and  in  these  cases 
it  is  somewhat  difficult  to  distinguish  the  sandstone  from  the 
quartzite  in  hand  specimens  ;  a  circumstance  which,  in  all 
probability,  aided  in  strengthening  the  view  of  the  earlier 
geologists  that  the  quartzite  and  the  sandstone  formed  one 
continuous  deposit  of  Silurian  age,  and  that  the  former  graduated 
insensibly  into  the  latter.  No  fossils  are  known  to  occur  in  the 
underlying  Cambrian  Quartzite,  but  they  have  been  collected  from 
the  lowest  layers  of  the  sandstone  which  fills  the  superficial 
hollows  of  its  upper  surface.  The  actual  line  of  unconformity  is 
usually  well  marked  lithologically,  and  hand  specimens  may 
occasionally  be  collected  showing  the  actual  plane  of  contact — 
the  lower  portion  of  the  specimen  showing  the  pale  Cambrian 
rock  with  its  siliceous  matrix,  and  the  upper  portion  the  coarse- 
grained more  or  less  calcareous  Silurian  sandstone. 

The  fossils  found  in  the  Llandovery  Sandstone  of  Rubery 
village  occur  as  casts,  and  are  comparatively  rare  in  the  rock  as 
seen  in  sM  at  this  locality.  The  roadside  wall  at  the  spot,  how- 
ever, is  built  mainly  ot  blocks  of  the  sandstone  and  some  of 
these  are  crowded  with  casts  of  Llandovery  fossils. 

The  sheet  of  Llandovery  Sandstone  cut  into  in  this  exposure 
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extends  continuously  from  this  spot  to  Leach  Heath,  about  a 
quarter  of  a  mile  to  the  S.E.  It  appears  to  fill  a  shallow  hollow 
or  bay  in  the  Cambrian  Quartzite,  and  crosses  the  Lower  Lickey 
ridge  from  side  to  side.  The  area  it  occupies  thus  forms  a 
part  of  the  Lower  Lickey  range  itself,  but  the  portion  of  the 
ridge  constituted  by  the  Llandovery  Sandstone  is  much  lower  than 
the  sections  formed  of  the  Cambrian  Quartzite. 

Llandovery  Sandstone  almost  certainly  fringes  the  Cambrian 
•Quartzite  everjnvhere  immediately  to  the  eastward  of  the  Lower 
Lickey  ridge,  ranging  down  the  eastern  flank  of  the  ridge  from 
Rubery  to  Barnt  Green,  hidden,  however,  for  the  greater  part  of 
its  course  by  the  unconformably  overlying  strata  of  the  Carbon- 
iferous and  Trias.  Loose  red  sandstone  blocks,  rich  in  Llan- 
dovery fossils,  have  been  met  with  in  the  Asylum  grounds,  and 
also  in  the  stream  course  near  the  Lodge.  A  conspicuous  inlier 
of  the  Rubery  Sandstone  with  casts  of  fossils  rises  out  from  below 
the  Trias  of  Rednal  House,  opposite  the  central  part  of  the 
ridge ;  and  fragments  of  the  red  sandstone  have  been  met  with 
■at  the  Silurian  locality  of  Kendal  End  near  the  southern 
-extremity. 

The  fossils  collected  from  the  Rubery  exposures  and  from 
loose  blocks  found  in  the  Rubery  stream  or  lying  loose  upon  the 
fields,  include  examples  of  Stricklandia  lensy  Pentamerus  oblongus^ 
Atrypa  reticularis^  and  other  characteristic  Llandovery  forms. 

Lower  Wenlock  Beds. — Following  apparently  in  immediate 
succession  to  the  Llandovery  Sandstone  of  Rubery  occurs  a  series 
of  blue  and  grey  shales  and  flags,  including  a  well-marked  band 
of  limestone.  These  rocks  are  found  in  a  few  indifferent  ex- 
posures in  the  stream  which  flows  through  the  Asylum  grounds 
immediately  north  of  the  Lodge,  and  are  followed  unconform- 
ably by  the  basement  beds  of  the  Carboniferous.  The  limestone 
is  compact,  flag-like,  usually  of  a  pale  blue  colour,  and  remarkably 
rich  in  fossils,  which  show  that  it  is  of  Lower  Wenlock  age  and 
is  in  all  likelihood  the  local  representative  of  the  Woolhope 
Limestone  of  Malvern,  and  of  the  equivalent  Barr  Limestone  of 
the  Walsall  inlier. 

The  following  list  of  a  few  of  the  more  characteristic 
fossil  forms  of  this  limestone  is  due  to  the  researches  of  Mr. 
Wickham  King  :  Stricklandia  lirata^  S,  lens^  Pentamerus  odlongus, 
P,  undatuSy  Leptana  transversalisy  lllanus  barriensiSy  Encri- 
nurus  punctatuSy  Monograptus  priodon. 

At  the  locality  of  Kendal  End  near  the  southern  extremity 
of  the  Lower  Lickey  ridge,  a  patch  of  Silurian  rocks  was  formerly 
worked  for  limestone,  but  the  old  quarries  have  become  partly 
filled  up,  and  no  limestone  is  now  visible.  According  to  Mur- 
chison,  the  bed  of  Silurian  limestone  which  occurred  here  rested  in. 
a  highly  inclined  position  upon  the  Lickey  Quartzite.  Althougl^ 
there  are  no  visible  exposures  to  be  met  with  at  the  present  time^ 
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fragments  of  fossiliferous  limestone,  similar  to  that  of  the  Asylum 
stream,  are  occasionally  picked  up,  and  support  the  view  that  a 
thin  representative  of  the  Woolhope  Limestone  once  existed  at 
this  spot.  As  already  mentioned,  fragments  of  red  sandstone 
similar  to  that  of  Rubery  have  also  been  met  with.  It  is  difficult 
to  fix  the  actual  limit  of  this  Silurian  patch,  but  the  presence  of 
the  Woolhope  Limestone  at  this  spot  affords  a  striking  confirma- 
tion of  the  view  that  the  Silurian  beds  overlie  the  Cambrian 
Quartzite  along  the  whole  of  the  eastern  flank  of  the  Lower 
Lickey  range. 

The  Silurian  Inlier   of  Walsall. 

This  inlier  of  Silurian  rocks  is  the  largest  in  the  central 
part  of  the  Birmingham  District.  It  is  about  two  miles  in 
width,  and  is  limited  to  the  eastward  by  the  great  Eastern 
Boundary  Fault  of  the  South  Staffordshire  Coalfield,  and  its 
strata  are  overlain  unconformably  in  all  other  directions  by 
the  basement  beds  of  the  Coal  Measures.  The  Silurian  beds 
of  the  inlier  include  all  the  deposits  between  the  Upper  Llan- 
dovery and  Wenlock  limestone  inclusive.  The  rocks  lie  at  a 
gentle  angle,  and  the  maximum  thickness  exposed  is  probably 
not  more  than  i,ooo  feet 

The  lowest  rock  in  the  inlier  is  the  Llandovery  or  Mayhill 
Sandstone^  which  is  here  a  thin  band  of  sandstone,  normally 
of  pale  yellow  or  brown  colour,  but  occasionally  white. 
Sometimes,  as  at  Rubery,  the  matrix  is  calcareous,  and  the  rock 
is  locally  rich  in  fossils.  The  usual  Llandovery  forms  have  been 
procured  from  this  sandstone,  among  others,  the  characteristic 
species  Strickiandia  lens^  S,  lirata^  Encrinurus  punctatus^  etc. 

Barr  Limestone, — A  little  higher  up  in  the  succession  follows 
a  well-marked  band  of  fossiliferous  limestone — the  local  Barr 
Limestone, — answering  to  the  Woolhope  Limestoneof  the  Malvems. 
The  limestone  band  has  long  since  been  worked  out  for  economic 
purposes,  and  its  place  is  now  marked  by  a  line  of  old 
quarries,  most  of  them  completely  overgrown.  This  special 
locality  (Hay  Head)  was  once  famous  for  the  fine  specimens 
it  afforded  of  the  characteristic  Woolhope  Trilobite — IIUbhus 
barriensis — which  received  its  name  from  the  parish  of  Barr,  in 
which  this  quarry  is  situated.  While  the  quarries  were  open  this 
locality  appears  to  have  been  a  favourite  hunting  ground  for 
collectors. 

Wenlock  S/tale, — The  Barr  Limestone  is  succeeded  by  a  thick 
series  of  dark  blue  shales,  locally  rich  in  the  ordinary  Wenlock 
fossils.  Exposures  are  rare,  but  fossils  are  obtained  in  abundance 
from  the  shales  in  the  railway  cuttings,  at  the  locality  of  Five 
Lanes,  and  elsewhere. 
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Weniock  Limestone, — This  occurs  at  the  western  extremity  of 
the  inlier.  It  is  well  seen  in  the  railway  cuttings  within  the  limits 
of  the  town  of  Walsall,  and  is  exposed  in  several  neglected 
quarries  in  the  neighbourhood.  Here,  as  in  the  Dudley  district, 
the  pure  and  workable  limestone  is  arranged  in  two  distinct  bands 
— divided  from  each  other  by  a  thick  mass  of  nodular  shales, 

Silurian  Inliers  of  the  Dudley  Hills. 

Perhaps  the  most  interesting  and  best  known  of  the  Silurian 
exposures  of  the  Birmingham  District  are  those  of  the  Dudley 
Hills.  These  lie  along  the  course  of  the  Sedgley  and  Rowley 
anticline,  which  crosses  the  southern  part  of  the  South  Stafford- 
shire Coalfield  from  N.W.  to  S.E.  The  areas  where  the  Silurian 
rocks  are  laid  bare  form  three  prominent  hills,  which  are 
strikingly  contrasted,  not  only  as  regard  their  elevation,— ;but  also 
with  respect  to  their  scenery, — with  the  gloomy  district  of  the  sur- 
rounding Black  Country. 

Two  of  these  hills — those  of  the  Dudley  Castle  and  the 
Wren's  Nest — are  steep,  dome-like  in  form,  and  richly  wooded 
from  base  to  summit,  rising  like  green  islands  out  of  the  dark  sea 
of  Coal  Measures  which  surrounds  them.  The  third  exposure 
—that  of  Sedgley  Hill — which  is  the  largest  and  highest  of  the 
three,  is  also  bounded  by  Coal  Measures  on  all  sides  except  the 
west,  where  the  ground  drops  down  suddenly  along  the  line  of  the 
great  Western  Boundary  Fault  into  the  rolling  Permian  and 
Triassic  district  of  Baggeridge  and  Tettenhall.  Like  the  two 
Silurian  exposures  last  mentioned,  the  hill  is  well  wooded,  but  it  is 
traversed  by  roads  and  partly  covered  by  houses. 

In  the  hills  of  Dudley  Castle  and  the  Wren's  Nest  the 
Weniock  or  Dudley  Limestone  forms  the  core  of  the  elevation. 
In  both  it  has  been  sharply  bent  up  into  an  elongated  dome-like 
form,  the  limestone  crest  of  which  has  been  partly  denuded,  so  as 
to  expose  the  underlying  Weniock  shales  in  the  heart  of  the  hill. 
This  Weniock  Limestone,  as  at  Walsall,  consists  of  two  workable 
calcareous  bands,  separated  by  about  80  to  90  feet  of  valueless 
calcareous  shales.  The  two  limestones  dip  with  great  regularity 
from  off  the  axis  of  each  hill  on  the  eastern  and  western  sides  of 
the  dome  at  angles  of  from  25  to  30  degrees ;  but  the  dip  rises 
to  50  or  60  degrees,  and  even  higher,  at  the  northern  and  southern 
extremities. 

Both  the  hills  have  been  mined  for  centuries,  and  the  best 
limestone  has  been  extracted  to  a  great  depth.  The  intervening 
and  enveloping  shales  have  been  allowed  to  remain ;  so  that  the 
present  structure  of  each  of  the  hills  is  that  of  a  central  dome-like 
core  of  Weniock  shales  surrounded  by  two  enveloping  shells  of 
shale — the  first  formed  of  the  calcareous  shale — originally  inter- 
vening between  the  two  Weniock  Limestones,  and  the  second  of 
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y^  ^    \  ^  the  I^wer  Ludlow  shale  which  follows. 

y     ^    *  Between  the  three  sets  of  shales  occur 

-^  J.      We5itcm  ^,        ^  , 

^  I  Boundary        the  two  morc  or  less  empty  spaces 

2?  I  ^•'^"^''            marking  the  horizons  from  which  the 

•^  aT  purer  limestone  has  been  extracted. 

^     r    ^  .B  ^"'''^'''          Where  the  dip  of  the  rocks  is  high 

these  excavations  form  two  deep  and 

^  ^vu  concentric  moat-like  hollows  bounded 

_     d  ^  by  steep  walls  of  shale.     Where  the 

r     z  \|  dip  is  low  the  workmen  were  unable 

I      H  i|  o                  to  extract  the  whole  of  the  limestone 

I     5  iJ  and   were  compelled  to  leave  occa- 

p      ^  If  sional  limestone    pillars    to  support 

s  \  the  superincumbent    strata.       Some 

YTFcns^  of  these  pillared  excavations  are  still 

X  j^  "rcnsx^esi.       q^^  ^q  thc  surfacc,  as  at  the  Wren's 

Nest,   where   they   form  magnificent 

Priory.  caverns    of    peculiar  weirdness  and 

%      ^.  I  beauty.       In  the  heart  of  the  hills, 

^^^S^Hiii        ^^  greater  depths  —  as,  for  example, 
K     ^    ^     %  *   *  underneath  Dudley  Castle    itself  — 

»      3    --     I   Dudley.  j^g  artificial    excavations   form   sub- 

s' \  terranean     caverns     of     remarkable 

extent,     and     when     lit     up     by 
«  ft'  artificial  light  are  very  striking    and 

'         'B  •  picturesque. 

?      =3    ••     ^  The  limestone  beds  of   Dudley 

Castle  Hill  and  the  Wren's  Nest  have 
^      I  ^Rowley  afforded  some  of  the   best    known 

.«i     n  H    Regis.  and    the   best    preserved  specimens 

^     ^  Bl  of  Silurian  fossils.     Many  of  the  ly^ 

~       %  Jf  specimens    of    Murchison's    Silurian 

^  ,       ^  System  came  from  this  locality,  but 

i  'E  ^  since  the  superficial  limestones  have 

f*  fc  been  worked  out,   few  good  speci- 

:j5  I  mens  have  been  obtained.     An  ex- 

'j^  I  cellent   collection   of    the   fossils  of 

r^     5;^  I  Dudley  and  the  Wren's  Nest  is  laid 

;j'     I.    -     I  out   in    the    Dudley    Museum,   and 

i     ^  I  another  in   the  Geological   Museum 

I'     ^  I  of  the  Mason  College,  while  several 

^  I  good  collections  are   in   the   posses- 

sion of  private  individuals  in  Dudley 
and  elsewhere.    Perhaps  the  richest 
^  —  ^B'*"d  Spots  for  fossils  at  present  are  the 

1  ^     \     Fault. '^        shaly  slopes  on  the  flanks  of  the  Wren's 

^  Nest,  where  brachiopods  and  corals 

^  are     locally    abundant ;    but    forms 
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belonging  to  other  groups  are  rarely  met  with,  and  these  generally 
in  a  very  indifferent  state  of  preservation. 

While  the  inliers  of  Dudley  and  the  Wren's  Nest  present  us 
merely  with  the  Wenlock  Limestone,  and  a  few  feet  of  the  under- 
lying and  overlying  shales,  the  inlier  of  Sedgley  shows  a  com- 
plete succession  of  the  Silurian  strata,  ranging  from  the  summit  of 
the  Wenlock  Shale  into  the  base  of  the  Upper  Ludlow  Series. 

The  Upper  W^enlock  Shales  and  the  overlying  double  Dudley 
Limestone  are  met  with  in  the  Sedgley  area,  forming  a  sharp 
anticline,  at  Hurst  Hill,  near  the  south-western  extremity  of  the 
inlier.  The  limestone  of  this  locality  is  followed  to  the  west  by 
the  Lower  Ludlow  shales,  which  in  their  turn  support  a  thick 
limestone  band — the  Sedgley  (or  Ludlow)  Limestone.  This  lime- 
stone is  arranged  in  a  broad  synclinal  form,  and  its  outcrop  on 
the  eastern  side  of  the  syncline  forms  the  highest  point  of  the 
Sedgley  inlier — rising  in  Sedgley  Beacon  to  a  height  of  about 
750  ft.  above  the  sea  level.  Its  outcrop  on  the  western  side 
forms  a  steep  scarp,  along  the  foot  of  which  runs  the  line  of  the 
great  Western  Boundary  Fault.  The  lowest  Ludlow  strata  are 
also  well  developed,  and  have  yielded  the  usual  Brachiopods  and 
Lamellibranchs. 

The  Sedgley  Limestone  is  thicker,  but  is  by  no  means  as 
pure  as  the  Dudley  Limestone,  and  it  has  never  been  worked  to 
any  great  extent  for  economic  purposes.  It  is  laid  bare  in  some 
quarries  near  Sedgley  Beacon,  and  has  yielded,  among  other 
fossils  the  characteristic  Aymestry  Limestone  form — Pentamerus 
knightii.  There  can  be  no  doubt,  as  originally  pointed  out  by 
the  Rev.  T.  Lewis,  that  this  limestone  is  the  equivalent  of  the 
Aymestry  Limestone  of  Siluria. 

A  few  feet  of  the  lower  division  of  the  Upper  Ludlow  rocks 
overlie  the  Aymestry  Limestone,  but  exposures  are  not  common  ; 
and  no  fossils  have  yet  been  published  from  these  beds.  In  the 
centre  of  the  synclinal  at  the  village  of  Sedgley  a  cap  of 
Carboniferous  sandstone  rests  at  once  upon  these  Ludlow  rocks, 
so  that  no  evidences  are  at  present  obtainable  of  the  original 
presence  of  the  fish-bearing  Passage  Beds,  or  of  the  existence  of 
overlying  strata  of  Old  Red  Sandstone  age  in  the  Sedgley  area. 

Carboniferous    System. 

The  Carboniferous  strata  of  the  Birmingham  District,  like 
those  of  the  underlying  Silurian,  probably  extended  originally  in  a 
continuous  and  unbroken  mass  over  a  large  proportion  of  the 
Midland  region,  with  the  doubtful  exception  of  its  S.E.  division. 
In  all  cases,  so  far  as  known,  the  lowest  beds  of  this  system — as 
developed  in  the  Midlands — repose  unconformably  upon  the 
edges  of  the  folded  and  eroded  strata  of  the  older  systems  below.  - 
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In  some  local  areas,  as  in  Shropshire,  Worcester,  and  Hereforc},  the 
basement  beds  of  the  system  rest  with  a  slight  unconformity 
upon  strata  of  Old  Red  Sandstone  age,  but  gradually  transgress 
upon  the  underlying  Silurian  ;  and  in  some  areas,  as  near  the 
Wrekin  and  elsewhere,  even  come  to  lie  on  the  still  older  Cam- 
brian and  Archaean.  In  the  S.  Staffordshire  district  the  Carbon- 
iferous deposits  rest  usually  upon  the  Silurian  rocks,  the  Old  Red 
Sandstone  being  locally  absent.  In  the  East  Warwickshire  Coal- 
field they  repose  upon  strata  of  Cambrian  age  ;  but  the  uncon- 
formability  between  the  two  systems  remained  undetected  until 
quite  recently  (1886). 

The  actual  form  of  the  rocky  floor  upon  which  the  Midland 
Carboniferous  strata  were  laid  down  is  only  known  in  part,  owing 
to  the  fact  that,  except  along  the  line  of  the  Severn  between  the 
Malvems  and  the  Wrekin,  that  floor  is  buried  up  from  sight  by 
Carboniferous    and    post-Carboniferous     deposits  ;     but     there 
are    evidences    that    this    pre-Carhoniferous    floor    must    have 
been    of    very    irregular    form.       The    ranges    of    Charnwood 
and  the  Malverns,  of  the  Wrekin  and  the  Longmynd,  etc.,  were 
apparently  already  in  existence,  or  had  been  blocked  out  in  out- 
line.    Evidences  have  been  gradually  accumulating  of  late  years 
which  suggest  that  a  set  of  connected  ranges — or,  at  all  events, 
a  tract  of  elevated  ground — must  have  extended  across  parts  of  the 
Midland  region  during  the  greater  part  of  Carboniferous  times ;  and 
that  witQ  this  elevated  region,  the  present  core  of  the  Malverns, 
the  Lickey  Hills,  and  the  heights  of  Charnwood,  appear  to  have 
been    associated.       But    while   our   present  evidences  suggest 
that  the  most  elevated  parts  of  the  rocky  floor  of  the  irregular 
basin  in  which  the  Carboniferous  Strata  of  the  Midlands  were 
deposited  lay  along  the   south  and   south-eastern  parts  of  the 
Midland  District,  it  has  long  been  known  that  the  deeper  parts  of 
the  basin  and  those  to  become  first  submerged  lay  to  the  north 
and  north-west,  along  a  line  ranging  from  Coalbrookdale  down  the 
valley  of  the  Trent,  in  the  direction  of  the  Humber.     For  while 
the    Lower   Carboniferous   rocks  are    wholly  wanting  from   the 
southern  and   central  parts   of  the  Birmingham  District,  repre- 
sentatives  both   of  the   Lower  and   the   Upper  Carboniferous 
rocks  occur  within  its  limits  in    that  direction.      Thus  a  thin 
representative  of  the  Carboniferous  Limestone  occurs  at  the  Clee 
Hills,  at  the  Wrekin,  at  Lilleshall  on  the  N.W.  side  of  the  district, 
and   at   the  localities  of  Grace   Dieu  and   Bredon  Hill  to  the 
extreme  N.E.,  near  Charnwood  Forest. 

The  Carboniferous  Limestone  is  succeeded  at  all  these 
localities  by  a  representative  of  the  Millstone  (irit ;  this  is,  how- 
ever, of  ;io  great  thickness.  In  this  northerly  direction,  the  Coal 
Measures  of  the  Midlands  also  attain  their  greatest  development. 
In  the  North  Staffordshire  Coalfield  three  divisions  are  recognis- 
able ;  (i)  a  Lower  Coal  Measure  series,  with  occasional  marine 
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fossils,  1,000  feet;  (2)  a  Middle  series  with  forty  coal-seams, 
4,000  feet ;  (3)  an  Upper  series  of  undetermined  thickness 
formed  of  brown  sandstone,  green  conglomerates,  and  beds  of 
red  and  purple  mottled  clays  with  bands  of  Spiror^t's-himcstone, 

As  we  pass  to  the  S.  and  S.E.  over  the  Midland  areas  the 
Carboniferous  Limestone  and  the  Millstone  Grit  eventually  dis- 
appear, and  the  Coal  Measures  rest  at  once  upon  the  pre- 
Carboniferous  floor.  At  the  same  time  the  collective  thickness 
of  the  Coal  Measures  themselves  rapidly  decreases,  until  in  th& 
latitude  of  Birmingham  the  total  thickness  is  reduced  to  less  than. 
2,000  ft,  and  the  basement  division  has  wholly  disappeared. 

At  the  first  glance  it  would  seem  as  if  the  floor  of  the  greatz 
Midland  Carboniferous  basin  must  have  sloped  upwards  some — 
what  rapidly  from   the   N.N.VV.   to    the  S.S.E.,  and   that   th< 
thinning  away  and  eventual  disappearance  of  the  lower  division: 
of  the  system  could  be  very  easily  accounted  for  upon  the  theoi 
of  the  gradual  submersion  and  filling   up   of   the   basin   as 
whole,  and  the  consequent  overlapping  of  the  consecutive  formi 
tions  upon  the  inclined  pre-Carboniferous  floor  as  we  pass  over 
Midland  Carboniferous  from  N.VV.  to  S.E.     But  while  the  theo 
of  the  slow  submergence  of  the  entire  area  may  be  regarded 
satisfactory  for  the  Midland  Carboniferous  when  considered  as 
whole,  there  are  many  known  phenomena  among  these  depo^. 
which  make  it  clear  that  this  general  period  of  depression  mi 
have  been  interrupted  by  periods  of  local,  if  not  of  regional 
elevation  and  denudation.      The  rocky  floor  upon   which 
Carboniferous  rocks  of  the  Midlands  were  deposited  seems.  ( 

have  been  greatly  affected  by   the   action  of  local  cnist-cr-'^,  ■  >^i 
during  Carboniferous  time.    Some  areas  were  warped  downwsL:mr-^Sj 
and    received    a    more    than    ordinary    thickness    of    Carh-^^^n- 
iferous  deposits;  others  were  warped  upwards,  and  the  c^l^iier 
Carboniferous     strata     swept     off*    them     by     the     denu<=5l  i  ng 
agencies  :   while  minor  wrinklings  and  foldings  of  the  pre-  <II^r- 
boniferous  floor  appear  to  have  added  greatly  to  the  general  crom- 
plication. 

In  the  western  parts  of  the  Birmingham  District — froirm      the 
Malvern  Range  through  the  Forest  of  Wyre  to  the  neighbourhood 
of  Newport  in  Northern   Shropshire — the  Carboniferous  irocJcs 
form    a    more    or    less    continuous    band    dividing     the      pre- 
Carboniferous    from  the  post-Carboniferous  rocks.      Elsew^Hcre 
they   occur  as  inliers,   surrounded   by  the  great   sheet  of     ^^e 
Permian   and   Triassic   rocks  of  the    Midlands.      The  chief  of 
these  inliers  is  that  of  the  South  Staffordshire  Coalfield,  w^Hich 
occupies  an  area  of  about  twenty-six   miles  in  length    by    nine 
miles  in  breadth.      The  Warwickshire  Coalfield  is  about  fift-^^" 
miles  in  length ;  and  the  Leicestershire  Coalfield  has  an  are3  of 
about  forty  square  miles. 

Within  the  area  of  the  South  Staffordshire  Coalfield  the  Coal 
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Measures,  as  already  pointed  out,  rest  upon  the  various  members 
of  the  Silurian ;  but  in  the  East  Warwickshire  Coalfield  they 
lie  upon  those  of  the  local  Cambrian ;  in  and  around  the 
Leicestershire  Coalfield  the  three  members  of  the  Carboniferous 
System  overlap  each  other  when  followed  from  N.W.  to  S.E.,  and 
some  of  the  Coal  Measures  eventually  rest  upon  the  irregular  floor 
formed  of  the  Archaean  rocks  of  Charnwood. 


South   Staffordshire  Coalfield. 

Both  from  its  paramount  economic  importance  and  from  the 
fact  of  its  central  position  in  the  Birmingham  District,  the  South 
Staffordshire  Coalfield  claims  our  first  attention.  Upon  the  whole 
this  Coalfield  may  be  defined  as  a  broad  anticlinal  form  of  Car- 
boniferous rocks,  ranging  N.  and  S.,  from  which  the  originally 
overlying  Permian  and  Triassic  rocks  have  been  denuded.  This 
main  anticlinal  form,  however,  is  broken  up  by  three  minor  anti- 
clines. The  most  important  is  that  of  the  Dudley  Hills^  along  which 
the  Silurian  rocks  are  laid  bare ;  the  second  is  the  anticline  of 
Barr^  which  exposes  a  broad  area  of  the  Silurian  near  Walsall, 
and  is  continued  under  the  Coal  Measures  as  a  subterranean 
ridge — the  so-called  "  Silurian  bank  " — which  ranges  southward 
through  West  Bromwich  in  the  direction  of  Oldbury ;  the  third 
is  the  anticline  of  Netherton^  which  warps  up  the  Carboniferous 
in  the  S.W.  part  of  the  Coalfield,  and  exposes  the  underlying 
Silurian  at  the  locality  of  the  Lye. 

Between  these  three  subordinate  ridges  lie  three  shattered 
synclinal  forms ;  the  axis  of  the  first  and  largest  of  the  three  ranges 
from  Oldbury  through  Bilston  towards  Cannock,  between  the 
anticlines  of  Barr  and  Dudley ;  the  second  is  that  of  Corngreaves 
and  Halesowen,  between  the  Nelherton  and  Rowley  anticlines ; 
and  the  third  that  of  Pensnett  between  the  anticlines  of  Netherton 
and  Dudley. 

The  Coalfield  itself  is  limited  to  the  eastward  by  the  great 

•*  Extern  Boundary  Fault,"  which  ranges  from  Rugeley  through 

Oldbury  to  the  neighbourhood  of  Northfield ;  and  to  the  west 

by  the  great  "  Western  Boundary  Fault,"  which  ranges  from  the 

Olent  Hills,  through  Stourbridge  and    Wolverhampton,  to   the 

district  of  Cannock  Chase.     Along  these  dislocations,  strata  of 

Permian  and  New  Red  age  are  faulted  against  the  Carboniferous 

rocks.     To  the  south  of  the  Coalfield,  however,  the  highest  beds 

of  the  Carboniferous  pass  up  with  apparent  conformity  into  the 

lowest  beds  of  the  "  Permian  "  of  the  area  of  the  Clent  Hills ; 

to  the  extreme  north  of  the  Coalfield  the  Carboniferous  rocks 

are  succeeded  unconformably  by  the  Triassic  **  Pebble  Beds  "  of 

Cannock  Chase. 

The  total  thickness  of  the  S.  Staffordshire  Coal  Measures  is 
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less  than  2,000  ft.,  and  the  succession  in  the  central  and  more 
typical  part  of  the  Coalfield  is  as  follows  : 

(2)  Upper  Coal  Measures  600-1,000  ft. 

(c)  Spirorbis  Limestone  group,  a  thin  series  of  red,  grey,  and 
olive-coloured  shales  and  sandstones  with  a  band  of  Spirorbis- 
limestone  and  a  few  thin  coaly  beds. 

(b)  Halesowen  Sandstone  group,  yellowish  and  reddish  sand- 
stones, with  a  few  thin  coals. 

(a)  Red  and  green  Coal  Measure  Clays  with  beds  of  ashy 
sandstone  and  conglomerates. 

(i)  Lower  or  True  Coal  Measures,  500-1,050 ft.  Grey 
and  white  sandstones  with  shales,  clays,  ironstones,  and  coal 
seams.  Of  these  coal-seams  the  following  are  the  most  im- 
portant : 

(/)  Brooch  Coal,  4  ft. 

{e)  Thick  Coal,  30  ft. 

{d)  Heathen  Coal,  3  ft. 

{c)  New  Mine  Coal,  2  to  1 1  ft. 

(/')  Fire  Clay  Coal,  i  to  14  ft. 

{a)  Bottom  Coal,  5  ft. 
The  most  remarkable  seam  of  the  South  Staffordshire  Coal- 
field is  that  known  as  the  Ten-yard  or  Thick  Coal — a  continuous 
bed  of  workable  coal  twenty-five  to  thirty  feet  in  thickness.  This 
underlies  all  the  southern  part  of  the  Coalfield  within  the  area 
enclosed  by  Smethwick,  Oldbury,  Dudley,  Walsall,  and  Bilston. 
To  the  south,  beyond  Halesowen,  it  thins  out  and  becomes  mixed 
with  shaly  material.  It  is  in  reality  composed  of  thirteen  or 
fourteen  superimposed  coal  seams,  which  form  an  apparently  un- 
broken mass,  but  are  easily  distinguished  individually  by  the 
practised  Thick  Coal  miner.  As  we  pass  north  from  the  typical 
Thick  Coal  area  towards  Walsall  and  Cannock  Chase,  the  com- 
ponent seams  become  separated  by  intercalated  sandstones  and 
shales ;  so  that,  eventually,  in  the  district  of  Essington  and 
Pelsall,  the  Thick  Coal  is  represented  by  fourteen  distinct  coals 
occurring  at  intervals  in  a  mass  of  sandy  and  shaly  strata, 
between  250  and  300  fl.  in  total  thickness. 

The  Thick  Coal  is  known  to  extend  beyond  the  visible  limits  * 
of  the  South  Staffordshire  Coalfield  under  the  Red  Rocks  of'the  ^ 
Birmingham  District  far  to  the  eastward.  The  first  attempt  to  ^ 
reach  it  through  the  red  ground  was  made  under  the  guidance  of  "^ 
the  late  Mr.  Henry  Johnson,  of  Dudley,  at  the  locality  of  Sand-  — ^ 
7vetl  Park,  about  one  mile  outside  the  limits  of  the  Coalfield..^  -1 
The  Coal  was  reached  in  1873  ^^  ^  depth  of  1,250  feet,  and  was 
found  to  be  of  about  the  same  thickness  as  in  the  Coalfield  itself-T 
The  next  successful  attempt  was  made  at  Hamstead^  about  thi 
miles  outside  the  Coalfield  proper,  and  was  crowned  with  equa-^^<>  / 
success,  the  Thick  Coal  being  reached  at  a  depth  of  i,3oo  feetr^ — 
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Large  areas  of  Carboniferous  ground  have  been  opened  up  by 
these  enterprises  and  the  Thick  Coal  has  been  worked  as  far 
eastward  as  Handsworth  and  Perry  Barr,  immediately  north  of 
the  city  of  Birmingham. 

To  the  North  of  the  Coalfield,  where  the  Carboniferous  rocks 
become  covered  up  unconformably  by  the  Triassic  "  Pebble 
Beds,"  the  Coal  seams  of  the  northern  parts  of  the  Coalfield  have 
been  followed  continuously  beneath  them  into  the  district  of 
Cannock  Chase.  Several  pits  have  also  been  sunk  through  the 
Pebble  beds  into  the  Coal  Measures  below,  and  an  entirely  new 
coalfield  may  be  said  to  have  been  developed  of  late  years  in 
this  northerly  direction. 

The  area  immediately  underlain  by  the  outcropping  Coal 
Measures,  as  already  mentioned,  constitutes  the  well-known  district 
of  the  Black  Country.  In  spite  of  its  gloomy  character  it  is  one 
of  the  most  populous  districts  in  Britain,  and  includes  within  its 
limits  the  large  towns  of  Dudley,  Walsall,  Wolverhampton, 
Bilston,  West  Bromwich,  and  others  of  scarcely  less  note.  Indeed, 
it  may  be  said  that  for  its  size  the  South  Staffordshire  Coal- 
field has  proved  itself  perhaps  the  richest  mineral  area  in  Britain. 
Its  thick  coal-seams  and  its  rich  bands  of  ironstone  occur  within 
easy  reach  of  the  miner.  Its  central  position  has  made  it  the 
great  coal  and  iron  mart  of  the  Midlands,  and  the  abundance 
and  cheapness  of  the  iron  it  affords  have  rendered  Birmingham 
and  the  Black  Country  the  best  known  hardware  manufactory  in 
the  world. 

The  Carboniferous  stratUi  of  the  South  Staffordshire  Coalfield 
yield  the  usual  Coal  Measure  fossils.  Some  of  the  shale  beds 
locally  furnish  very  well  preserved  Coal  Measure  plants,  and  the 
curious  [/nio-Wke  shell  Anthracosia-,  and  the  ironstone  nodules 
afford  fragmentary  Crustacea  and  Insects.  The  marine  fossils 
(which  seem  to  be  mainly  confined  to  the  beds  below  the  Thick 
Coal)  include  such  forms  as  Discina  nitidHy  Prodiicta  scabricula^ 
Conularia  quadrisulcata^  etc.  Fish  remains  are  also  occasionally 
met  with — Megalichthys  hibberti^  Gyracanihus  fonnosus,  etc. — as 
at  Old  Swinford,  Brierley  Hill,  Dudley,  etc. 

The  South  Staffordshire  Coal  Measures  are  traversed  by  many 
dykes  and  sills  of  igneous  rock.  Of  these  the  most  important  is  the 
sheet  known  as  the  Rowley  dolerite  {Rowley  Rag),  This  is  about 
two  and  a-half  miles  long,  and  caps  the  long  ridge  of  Rowley  Regis, 
which  rises  to  a  height  of  876  ft.  above  the  sea-level.  This 
sheet  is  pierced  by  several  mining  shafts,  which  pass  through  the 
dolerite  sill  into  the  workable  Coals  below.  Many  other 
masses  of  dolerite  occur  elsewhere  in  the  South  Staffordshire 
Coalfield,  partly  burning  the  coals  and  often  rendering  the 
mining  locally  difficult  and  costly.  In  the  more  central  parts  of 
the  Coalfield  several  of  these  igneous  masses  (the  "  green  rock  " 
of  the  miners)  are  exposed  at  the  surface,  as  at  Barrow  Hill. 
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S.W.  of  Dudley,  and  Pouk  Hill,  near  Walsall.  In  the  Rowley 
and  Pouk  districts  the  dolerite  is  occasionally  columnar.  Large 
subterranean  masses  of  basalt  occur  also  in  the  northern  part 
of  the  Coalfield,  but  few  traces  of  them  appear  at  the  surfece. 
According  to  Prof.  Jukes,  these  dolerite  rocks  appear  to  have  been 
intruded  previous  to  the  final  folding  and  faulting  of  the  Coal 
Measures,  as  they  take  part  in  all  the  dislocations. 

Coal  Measures  of  the  Lower  Lickey  Hills. 

Certain  Coal  Measure  strata,  which  are  probably  the  under- 
ground prolongation  of  the  South  Staffordshire  Coalfield,  occur 
on  both  sides  of  the  anticline  of  the  Lower  Lickey  Hills 
at  the  village  of  Rubery,  and  in  its  immediate  neighbourhood. 
They  consist  of  an  insignificant  thickness  of  yellowish  sand- 
stones, and  green,  grey,  and  white  clays,  with  at  least  one  coal 
seam  about  two  feet  in  thickness,  which  was  formerly  worked  at 
Rubery  village,  and  was  also  met  with  in  digging  for  the  founda- 
tions of  the  Rubery  Asylum.  These  coal-bearing  strata  repose 
immediately  upon  the  Cambrian  and  Silurian  rocks  and  subside 
below  the  "  Permian  "  rocks  of  the  district  ;  and  although  no 
•S^/><7r^/j-Limestone  has  yet  been  recognised  among  them, 
they  appear  to  belong  to  the  highest,  or  Spirorbis  group  of  the 
South  Staffordshire  Coal  Measures. 

East  Warwickshire  or  Tamworth  Coalfield. 

The  strata  of  this  Coalfield  floor  a  narrow  strip  about  fifteen 
miles  in  length,  ranging  from  Tamworth  on  the  north  to  Bedworth 
to  the  south.  They  rest  unconformably  upon  the  Stocking- 
ford  Shales  of  the  Nuneaton  Cambrian,  and  pass  conformably 
upwards  into  the  Red  Sandstone  or  "  Permian  "  rocks  above. 
The  successive  divisions  into  which  the  Carboniferous  strata  may 
here  be  grouped,  appear  to  be  identical  with  those  of  the  Coal 
Measures  of  South  Staffordshire.     The  succession  is  as  follows : 

4.  Grey  and  red  sandstones  and  shales  with  a  bed,  or  beds, 
of  5^m7rto- Limestone. 

3.  White  and  yellow  sandstones  and  shales. 

2.  Red  and  green  brick-clays  and  marls. 

I .  Grey  sandstones  and  dark  shales,  with  five  workable  seams 
of  Coal,  i.e.,  the  Four  feet  Coal,  the  Two  yard  and  Rider  Coal, 
Bare  Coal,  Slate  Coal,  and  Seven  feet  Coal. 

Not  only  is  the  sequence  identical  with  that  in  South  Stafford- 
shire, but  there  is  the  same  rapid  decrease  in  collective  thickness 
of  the  strata  as  they  are  followed  from  north  to  south. 

In  the  northern  part  of  the  district  the  Slate  Coal  and  Pour 
feet  Coal  are  separated  from  each  other  by  more  than  100  feet  of 
sandstone ;  towards  the  south  the  sandstones  gradually  thin  out: 
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and  the  coals  come  together,  so  that  in  Hawkesbury  Colliery,  to 
the  south  of  Bedworth,  all  the  coals  practically  combine  into  a 
single  coal  seam,  like  that  of  the  Thick  Coal  of  South  Stafford- 
shire, with  a  collective  thickness  of  some  24  ft.,  but  made  up 
of  the  five  distinct  coals,  which  are  here  divided  from 
each  other  merely  by  a  few  layers  of  shales  and  fire  clays. 
It  would  appear,  therefore,  highly  probable  from  these  facts,  that 
the  South  Staffordshire  and  East  Warwickshire  Coalfields  were 
formed  in  the  same  general  area  of  deposition  and  under  the  same 
sequence  of  physical  conditions.  In  this  case  it  becomes  a 
matter  of  high  probability  that  the  Thick  Coal  of  South  Stafford- 
shire extends  more  or  less  continuously  uhder  the  Red  rocks 
of  North  Warwickshire,  possibly  from  Hawkesbury  to  Smethwick. 

Leicestershire   Coalfield. 

The  Coal  Measures  of  this  area,  however,  show  little  or  no 
relationship  to  those  of  South  Staffordshire  and  East  Warwick- 
shire.    They  consist  of : — 

3.  An  Upper  series  of  coarse  grits  resting  unconformably  on  the 
beds  below. 

2.  A  Middle  series  of  sandstones,  shales,  and  clays,  with  ten 
coal  seams  (1,500  ft.),  one  of  which  is  from  10  ft  to  14  ft.  in 
thickness. 

I .  The  Lower  Measures — sandstones,  and  shales,  without  coals. 

The   Severn  Coalfields. 

We  may  group  under  this  collective  title  those  Coalfields 
which  lie  in  part  within  the  western  limits  of  the  Birmingham 
District,  occurring  along  the  valley  of  the  Severn  or  upon  the 
high  grounds  which  drain  into  it.  They  include  one  main  and 
continuous  band  of  Coal  Measures  which  ranges  along  the  course 
of  the  Severn,  from  Newport  on  the  north  to  the  Abberley  Hills 
on  the  south,  constituting  the  Coalfields  of  Coalbrookdale  and 
the  Forest  of  Wyre ;  together  with  a  few  isolated  areas  of  Car- 
boniferous strata  of  minor  extent  which  are  found  upon  the 
summits  of  the  Clee  Hills.  It  is  highly  probable  that  all  these 
Severn  areas  were  once  connected,  the  isolation  of  the  outliers 
on  the  Clee  Hills  being  due  to  circumdenudation.  Assuming 
for  the  sake  of  description  that  such  was  originally  the  case,  we 
find  the  whole  of  the  Carboniferous  sequence  must  have  been 
represented.  The  Carboniferous  Limestone  occurs  on  the  southern 
or  Titterstone  Clee;  on  the  west  margin  of  the  Coalbrookdale 
Coalfield,  in  the  neighbourhood  of  the  Wrekin ;  and  at  the 
north  extremity  of  that  Coalfield  near  Newport.     In  these  three 
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localities  it  is  conformably  succeeded  by  the  Millstone  Grit. 
Next  follows  the  group  of  the  Lower  Coal  Measures  or 
Gannister  Series — with  marine  fossils,  sandstones  and  shales, 
and  a  few  coals.  This  is  met  with  only  in  Coalbrookdale. 
Above  this  come  the  typical  or  Middle  Coal  Measures ;  sand- 
stones, shales,  and  clay,  with  ironstones  and  workable  seams. 
These  are  well  developed  in  Coalbrookdale,  where  they  include 
several  seams  of  coal  varying  from  i  to  6  ft.  in  thickness. 
Thirdly,  follow  the  Upper  Coal  Measures,  chiefly  mottled 
shales,  and  greenish-grey  sandstones,  including  a  band  of 
Spirordis-himesxone,  The  coal-seams  of  this  group  are  usually 
thin  and  insignificant. 

In  the  Coalbrookdale  Coalfield  the  group  of  the  Upper  Coal 
Measures,  or  i^/V^r^/V-Limestone,  group  is  locally  unconformable 
to  the  strata  below,  and  appears  to  lie  in  an  old  valley  or  estuary 
of  the  Middle  Coal  Measures — the  irregular  plane  of  contact 
being  known  as  the  great  Symon  fault.  This  inter-Carboniferous 
denudation  and  overlap  at  the  base  of  the  Upper  Coal  Measures 
or  Spirorbis  group  appears  to  have  extended  over  the  whole  of 
the  Severn  region  to  the  S.  of  Coalbrookdale  as  far  as  the 
Abberley  Hills. 

The  Coal  Measures  of  the  Clee  Hills  rest  unconform- 
ably  upon  the  Carboniferous  Limestone  and  Millstone 
Grit,  and  those  of  the  Forest  of  Wyre  upon  the  Old 
Red  Sandstone.  The  majority  of  the  coal  seams  of  the  Forest 
of  Wyre  Coalfield  are  of  a  very  indifferent  quality,  and  the  fact 
that  beds  of  6]^/>d7rto-Limestone  are  associated  with  the  series 
shows  that  they  belong  mainly  to  the  Upper  Coal  Measures.  In 
some  parts  of  the  Coalfield,  however  (as  near  Kinlet  to  the  west), 
coal  seams  apparently  of  Middle  Coal  Measure  age  are  met  ^^ 
with,  in  fair  thickness  and  in  workable  condition  (D.  Jones).* 

It  is  possible  that  the  Halesowen  Sandstone  group,  which-^t-m 
intervenes  between  the  true  Coal  Measures  and  the  Spirorbis — "^- 
Limestone  group  of  South  Staffordshire,  was  deposited  in  the^^  -«e 
interval  marked  in  the  Severn  Valley  Coalfields  by  the  strati- -•r-a- 
graphical  break  between  the  Grey  Coal  Measures  and  the  Uppei" 
Coal  Measure  group.  Over  most  of  the  region  of  the  Sevei 
Coalfields  these  Halesowen  sandstones  appear  to  be  unreprc 
sented  ;  but  near  Shatterford  some  barren  Coal  Measures  sevei 
hundreds  of  feet  in  thickness  were  pierced,  which  may  possibl 
represent  this  South  Staffordshire  formation. 

*  Daniel  Jones.      "The   Forest  of  Wyre  Coalfield."      Tra$u.    FtJetattd   Iiutituhm;^^''sfam 
Mining;  Enginetrs^  vol.  vii,  1894,  p.  287. 
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Permian    Rocks. 

The  strata  which  succeed  the  Coal  Measures  of  the  Birmingham 
district,  and  which  are  usually  classed  as  of  Permian  age,  are  very 
distinct  as  a  group  from  the  typical  Permian  deposits  of  Notting- 
ham, Yorkshire,  and  Durham.  They  belong  to  that  special  type  of 
the  British  Permian  which  has  been  distinguished  by  Professor  Hull 
as  the  Salopian  type.  No  true  limestones  are  present,  and  the  group 
is  composed  of  red  sandstones,  with  occasional  cornstones,  marls, 
bands  of  calcareous  conglomerate,  and  sheets  of  angular  breccia. 

As  a  general  rule  these  red  rocks  follow  conformably  upon  the 
Upper  Coal  Measures  of  the  district.  They  succeed  the  highest 
acknowledged  Carboniferous  coals  of  the  Severn  Coalfields 
throughout  the  whole  of  the  western  area,  along  a  line  ranging 
from  Newport  to  Arley ;  those  of  the  South  Staffordshire  Coal- 
field in  the  slopes  of  the  Clent  Hills  to  the  south  of  Hales- 
owen ;  and  those  of  tlie  East  Warwickshire  Coalfield  in  the 
area  extending  from  Baxterley  to  Bedworth.  Along  the  east  and 
west  flanks  of  the  South  Staffordshire  Coalfield  these  red  rocks 
are  faulted  down  against  the  typical  Carboniferous  strata,  and  their 
local  conformity  or  unconformity  with  respect  to  the  coal-bearing 
rocks  is  often  a  matter  of  uncertainty  and  dispute. 

In  the  foregoing  areas  the  Permian  strata  cover  fairly  large 
tracts  of  country,  and  vary  locally  in  thickness  from  a  few  hundred 
to  about  two  thousand  feet.  Elsewhere  in  the  district,  however, 
they  occur  in  scattered  and  isolated  patches,  often  of  very  insigni- 
ficant extent,  as  along  the  eastern  flanks  of  the  Malvern  and 
Abberley  ranges,  at  Measham  and  Packington  south  of  the 
Ash  by  Coalfield,  in  the  neighbourhood  of  Polesworth  near 
Tamworth,  to  the  north  of  Sutton  Coldfield,  etc.  In  all  these 
minor  patches  the  so-called  Permian  rocks  are  of  no  great 
thickness,  and  are  usually  markedly  unconformable  to  all  the  Pre- 
Permian  rocks  below. 

These  Midland  Permians  are  everywhere  eventually  covered 
up  unconformably,  or  irregularly  overlapped  by,  the  various 
members  of  the  Midland  Trias.  They  are  succeeded  by  the 
Lower  Bunter  in  the  districts  lying  W.  and  N.W.  or  tne  South 
Staffordshire  Coalfield,  and  by  the  Bunter  Pebble  Beds  to  the 
south  and  the  east.  They  are  surmounted  by  the  Keuper  sand- 
stone throughout  E.  Warwickshire  and  Leicestershire,  and  also 
on  the  flanks  of  the  Abberley  Range. 

In  the  Permian  District  of  Enville  and  Arley,  to  the  north- 
east of  the  Coalfield  of  the  Forest  of  Wyre,  three  divisions  are 
recognisable  in  these  Permian  Rocks,  namely  : 

(3)   Upper  red  sandstones  and  marls, 

(2)  Middle  group  of  sandstone  and  maris,  with  bands  of  corn- 
stone  and  calcareous  conglomerate,  and  a  bed  of  "  volcanic " 
or  "  trappoid  "  breccia. 
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( J )  Lmvcr  red  sandstone  and  marls. 

To  the  south  of  the  Black  Country  the  Permian  gives  origin 
to  the  bold  range  of  the  Clent  and  Romsley  Hills.  Here, 
however,  only  two  divisions  are  recognisable,  namely,  the  Lower 
red  sandstones  and  marls,  and  the  Middle  division  with  comstones^ 
conglomerates  and  breccia.  The  Permian  Breccia  here  attains 
its  maximum  thickness  of  about  450  ft.  Followed  northwards 
from  these  hills,  along  the  east  and  west  flanks  of  the  S.  Stafford- 
shire Coalfield,  the  breccia  soon  dies  out,  and  the  Permian  is 
represented  mainly  by  thick  masses  of  red  sandstone  and  marlsi 
with  occasional  cornstones.  The  Calcareous  Conglomerates  can, 
however,  be  followed  northwards  almost  to  Wolverhampton  on 
the  western  side  of  the  Coalfield,  and  on  the  eastern  side  to  the 
neighbourhood  of  Barr. 

Between  Tamworth,  Coventry,  and  Kenilworth,  Permian 
strata  cover  a  wide  tract  of  country,  and  attain  their  greatest 
geographical  extension  within  the  limits  of  the  Birmingham  district. 
The  red  rock  group  is  here  made  up  of  a  thick  series  of  red 
sandstones  and  marls  with  local  conglomerates,  and  is  practically 
identical  in  character  and  composition  with  the  Permian  rocks 
flanking  the  east  side  of  the  S.  Staffordshire  Coalfield. 

In  the  Malvern-Abberley  areas  the  local  patches  of  Permian 
are  almost  wholly  made  up  of  the  so-called  Trappoid  Breccia 
already  mentioned. 

In  the  Ashby  areas  the  local  patches  of  Permian  strata, 
unconformably  intercalated  between  the  Coal  Measures  and  Trias, 
rarely  exceed  50  ft.  in  thickness.  They  consist  of  red  and 
variegated  marls,  sandstones  and  bands  of  breccia,  composed  of 
fragments  of  the  local  Carboniferous  and  Charnwood  rocks.* 

By  far  the  most  striking  member  of  the  Permian  succession  in 
the  Birmingham  District  is  thTe  ^^ volcanic''  or  ''trappoid''  Breccia^ 
which,  in  the  Enville  area,  forms  the  most  prominent  member 
of  the  middle  division  of  the  collective  series.  The  breccia 
is  found  in  scattered  patches  over  a  superficial  area  of  about 
500  square  miles,  ranging  from  the  southern  end  of  the  Malvem 
Hills  to  the  neighbourhood  of  Enville,  and  from  Church  Hill  in 
the  Forest  of  Wyre  Coalfield  to  the  eastern  flanks  of  the 
South  Staffordshire  Coalfield,  west  of  Birmingham.  In  the 
Enville  and  Clent  areas  this  breccia  is  conformably  interbedded 
with  the  red  sandstones  and  marls  of  the  middle  Permian  ;  but  in 
all  the  areas  lying  along  the  Malvern  and  Abberley  Hills,  it  rests 
with  a  striking  unconformity  upon  the  rocks  of  the  older  forma- 
tions— Carboniferous,  Silurian,  Cambrian  and  Archaean. 

In  all  the  localities  where  this  remarkable  formation  is  exposed 
its  general  lithological  facies  is  practically  the  same.  It  is  made 
up  of  angular  fragments  and  masses  (sometimes  as  much  as   2ft. 

•  Horace  T.  Brown,    F.C.S..    "The  Permian  Rocks  of  the  Leicestershire  Coalfield," 
Quart.  Jourris  Ccol.  Sac.,  vol.  xlv,  i3S9,  p.  i. 


Proc.  Geol.  Assoc,  Vol.  XV. 


f  (Permian)  Bkeccia. 

Two-fout-rule ;  the  four  stones  markeil  X  de6ne  the  limila  of  an  eight  toot 

square  on  the  face  ol  (he  Quarry. 

fFrom  d  Phlografh  laien  in  iSgj  by  Mr.  H.  EversSviindell, 

kiadty  lenl  by  Mr.   W.   Wickham  King.) 


Fig.  2.— Railwav  Ci^ttim:,  neak  Moselev  Station— Glacial 
Sani>s  ANi)  Gravels. 

/'Frvm  a  Pi^ografli  by  M,.    W.  Jerome  Hamion.J 
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in  diameter)  of  volcanic  rocks — lavas,  tuffs,  and  volcanic  grits, 
with  occasional  slabs  or  fragments  of  fossiliferous  sandstones  and 
limestones.  These  angular  fragments  are  usually  embedded  in 
a  matrix  of  sandy  material  or  in  a  marly  paste.  Sometimes 
the  stratification  of  the  finer  material  is  well  marked,  sometimes  it 
appears  to  be  wanting,  and  the  formation  becomes  a  pell  mell  of 
loose  angular  rock  rubbish.  The  pyroclastic  rock  fragments  are  so 
abundant  and  characteristic  in  the  breccia  in  all  localities  that  the 
formation  has  long  been  distinguished  by  geologists  as  the  Trap- 
poid  or  Volcanic  breccia. 

As  a  group  the  prevalent  volcanic  rock  fragments  at  once  call 
to  mind  the  dominant  rocks  of  the  Uriconian  volcanic  series  of 
the  Wrekin  and  Cardington  Hills  of  Central  Shropshire,  and  in  a 
lesser  degree,  their  Midland  representatives  of  Caldecote,  Barnt 
Green,  and  Herefordshire  Beacon.  A  further  resemblance  is  seen 
in  the  presence  of  abundant  fragments  of  various  volcanic 
conglomerates,  compacted  and  banded  rhyolites  and  porphyrites, 
and  occasional  vesicular  rocks  —  principally  andesites  and 
melaphyres.  Quartzites  are  not  very  common,  nor  are  shaly 
fragments ;  but  quartzites  like  those  of  the  Lickey  and  Wrekin, 
and  cunous  banded  shales  like  those  of  the  Stretton  series 
of  the  eastern  Longmynd  are  locally  met  with,  while  red  grits 
like  those  of  the  western  Longmynd  (Bayston  or  Torridonian 
series),  are  by  no  means  rare.  Blocks  and  fragments  of  Upper 
Llandovery  sandstones  and  flagstones,  rich  in  characteristic  fossils, 
are  locally  abundant,  together  with  slabs  of  Wenlock  Limestone  ; 
and  in  rarer  cases,  limestone  fragments  of  Ludlow  age. 
Few  Carboniferous  rocks  occur,  the  chief  being  rolled  fragments 
of  coral  bearing  or  encrinital  Carboniferous  Limestones. 

Few  British  deposits  have  excited  more  interest  or 
provoked  keener  controversy  than  the  trappoid  breccia.  We 
will  here  confine  ourselves  to  a  few  illustrative  examples.  Dr. 
Buckland  originally  described  the  breccia  of  the  Clent  region, 
noted  its  peculiar  composition,  and  gave  it  as  his  opinion  that 
like  the  other  formations  of  the  neighbourhood,  it  was  a  truly 
stratified  deposit.  Sir  R.  Murchison,  on  the  other  hand  at  a 
somewhat  later  date,  was  so  impressed  by  the  fact  that  the  vast 
majority  of  these  fragments  were  of  volcanic  origin,  retaining  their 
original  angularity  of  form,  and  showing  no  evidence  of  trans- 
portation from  a  distance,  that  he  felt  assured  that  this  outcrop 
of  the  Permian  Breccia  marked  the  position  of  underground 
masses  of  volcanic  rock  of  Upper  Carboniferous  or  Lower  New 
Red  Sandstone  age  which  had  become  buried  from  sight  under  a 
cover  of  their  own  shivered  fragments. 

Professor  Ramsay,  however,  during  his  subsequent  survey 
of  the  district,  soon  placed  it  wholly  beyond  question  that  the 
formation  was  not  the  disintegrated  surface  of  an  igneous  rock 
sheet,  but,  as  Murchison  had  suggested,  actually  formed  one  of  the 
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sedimentary  members  of  the  Midland  Permian.  He  proved  that 
not  only  was  it  locally  stratified,  but  that,  in  the  Enville  district, 
it  was  both  overlain  and  underlain  by  Permian  sandstones 
and  marls.  He  showed  that  the  component  fragments  consist  of 
rock  types  which,  as  a  group,  are  distinct  from  those  occurring  at  the 
surface  in  the  areas  occupied  by  the  pre-Permian  rocks  in  the  Mid- 
lands, and  could  not,  therefore,  have  been  of  local  derivation.  He 
identified  the  vast  majority  of  the  rock  fragments,  both  volcanic 
and  sedimentary,  with  the  recks  which  form  the  high  grounds  of 
the  Wrekin,  Caradoc,  and  Longmynd  region  of  Central  Shropshire, 
the  lava  and  tuff  fragments  of  the  breccia  being  practically  identical 
with  the  rocks  seen  in  sM  in  the  volcanic  areas  of  the  Wrekin  and 
Cardington  Hills  (Uriconian),  the  slaty  shales  and  volcanic  gritstones 
being  similar  to  those  of  ihe  Longmynd,  while  the  fossiliferous 
Llandovery  sandstones  and  Silurian  limestones  were  identical  with 
those  which  unconformably  lap  round  the  Wrekin  and  Longmynd 
ranges  themselves.  He  pointed  out  the  striking  similarity  of  this 
Midland  breccia  to  an  ordinary  boulder  clay,  and  stated  that 
some  of  the  included  fragments  were  scratched  in  the  manner  of 
those  of  modern  glacial  deposits. 

In  his  brilliant  paper  on  the  Permian  Breccias'  {Quart. 
Journ,  GeoL  Soc.^  1855,  pp.  191,  etc.),  he  boldly  claimed  that 
this  remarkable  formation  must  have  been  of  glacial  origin, 
and  that  it  proved  the  existence  of  glacial  conditions  in  middle 
Permian  times.  Its  materials  must  have  been  brought  down  by 
floating  ice  or  glaciers  from  the  Wrekin- Longmynd  area,  the  only 
region  where  all  the  formations  represented  in  its  fragments  are 
found  in  sitii  in  natural  juxtaposition.  In  reply  to  the  objection 
that  the  Longmynd-Caradoc  region  is  at  an  average  distance  of 
from  twenty  to  thirty  miles  from  the  localities  where  the  breccia  is 
now  met  with,  and  at  a  very  little  greater  elevation,  Ramsay  pointed 
out  that  between  the  Longmynd  Hills  and  the  Midlands  lies 
the  long  fracture-line  of  the  Stretton  fault,  which  has  a 
calculated  downthrow  of  some  2,000  ft,  and  that,  if  this 
fault  did  not  exist  the  Longmynd  region  would  tower  some 
2,000  ft.  higher  than  the  Permian  districts  of  the  Midlands, 
so  that  during  the  period  of  the  Permian  depression 
that  region  might  have  nourished  glaciers  or  ice-sheets 
which  descended  into  the  surrounding  sea  and  sent  o 
ice-rafts  laden  with  boulders  and  fragments  over  the  more  or  1 
submerged  Midland  districts  to  the  south. 

Professor  Jukes,  who  mapped  the  South  Staffordshire  Coal- 
field and  its  boundaries,  on  the  other  hand,  while  not 
verting  in  general  the  views  of  his  colleague,  was  inclined  to  tha 
opinion  that  the  angular  fragments  in  the  breccia  might  hav* 
been  derived  from  rocks  now  concealed  under  the  Permian  an* 
New  Red  Sandstone,  and  that,  in  some  instances  at  least,  as  \r 
the  case  of  the  exposures  of  the  breccia  near   Northfield,  t 
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i  ncluded  fragments  of  Silurian  rocks  had  apparently  "  not  travelled 
many  yards  from  their  original  site,  and  that  a  peak,  boss  or  ridge 
of  Silurian  sandstone  lies  concealed  under  the  Permian  rocks 
-close  by." 

With   the   discovery   of  Cambrian    fossils   in   the  Nuneaton 
"district  in   1882,  and  the  detection  of  the  unconformity  at  the 
base  of  the  Silurian  in  the  Lickey  Hills,  the  subject  entered  upon 
an  entirely  new  phase.     The  Hartshill  and  Lickey  Quartzites  of 
the  Midlands  at  once  fell   into  line  with  the  Quartzite  of  the 
Wrekin ;    the   Midland   Volcanic   rocks   beneath    the   quartzite 
became  most  naturally  regarded  as  the  actual  underground  con- 
tinuation of  those  of  the  Volcanic   Uriconian   and  other  pre- 
Cambrian  series  of  the  Wrekin  and  Caradoc  district,  while  the 
unconformable  relation  of  the  Midland  Silurian  to  the  Cambrian 
and  pre-Cambrian  rocks  below  became  fixed  beyond  question. 
In  other  words,  it  became  evident  that  in  the  very  heart  of  the 
Midland  area,  even  where  these  curious  breccias  are  most  fully 
developed,   the  geological  succession  among  the   pre-Cambrian 
rocks  is  absolutely  identical    with,   or,    at   any   rate,  practically 
similar  to  that  in  the  Wrekin-Caradoc  country.     Thus  Ramsay's 
lithological    arguments    for   the   distant   source   of  the    special 
association  of  the  rock-types  represented  in  the  fragments  found 
in  the  Permian  breccia  lose  their  original  force,  and  although  there 
still  remains  the  difficulty  that  the  Midland  pre-Permian  rocks  are 
largely  buried   up  from  sight  by  post-Permian  deposits.  Jukes* 
view  of  the  local  derivation  of  the  materials  of  the  breccia  from 
Midland  rocks,  and  not  from  the  distant  rocks  of  Central  Shrop- 
shire, becomes  not  only  possible,  but  exceedingly  probable. 

With  the  exception  of  those  of  the  Malvern- Abberley  district, 
and  those  of  the  Charnwood  Forest  area,  no  Midland  pre-Peimian 
rocks,  from  which  these  Permian  breccias  might  have  been 
derived,  attain  at  present  so  great  an  elevation  above  the  sea 
level  as  the  Permian  breccias  themselves,  and,  upon  the  theory 
that  these  breccias  are  of  local  origin,  it  becomes  necessary  to 
postulate  an  upland  Area,  ridge,  or  series  of  ridges  of  high 
ground  crossing  the  Midlands  in  Permian  times  along  a  N.E.  and 
S.W.  line  from  Charnwood,  through  the  southern  end  of  the 
Lickey  Hills  towards  the  Abberley  and  Malvern  ranges,  from 
which  their  materials  could  have  been  derived.  This  difficulty, 
however,  is  not  so  great  as  appears  at  first  sight.  We  have  proof 
that  this  Midland  tract  of  country  was  relatively  higher  than  the 
districts  both  to  the  N.W.  and  S.E.  of  it  on  several  occasions 
during  the  long  period  of  geological  time.  Even  in  Ordovician 
time,  as  we  have  seen,  while  marine  deposits  were  laid  down 
over  the  Welsh  region,  they  were  not  deposited  over  the  Mid- 
land area,  or  were  only  deposited  as  thin,  shallow-water,  arenaceous 
beds. 

Again,  this  range  of  country  formed,  later  on,  the  dividing 
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line  or  ridge  separating  the  lacustrine  Old  Red  Sandstone  from 
the  marine  Devonian.  And,  further,  while  the  Carboniferous 
Limestone  exists  in  great  force  both  to  the  north-west  and  south- 
west, it  is  apparently  absent  from  this  tract  of  country.  Indeed, 
as  Jukes  expresses  it  in  his  general  survey  of  Midland  geology,  as 
given  in  his  Memoir  on  the  South  Stafibrdshire  Coalfield,  "  it  is 
highly  probable  that  all  this  tract  of  country  between  Leicester 
and  Montgomery  became  land  after  the  close  of  the  Silurian 
period,  rising  perhaps  very  slowly,  and  undergoing  a  very 
gradual  and  long  process  of  degradation  as  it  passed  through 
the  destructive  plane  of  the  sea  level,  and  it  remained  above  the 
waters  during  the  greater  part  of  the  period  marked  by  the 
formation  of  the  Old  Red  Sandstone  and  Carboniferous 
Limestone,  and  accordingly  these  rocks  were  never  deposited 
upon  it." 

The  main  crest  of  these  high  grounds,  the  "  Mercian  High- 
lands," as  we  may  call  them — to  adopt  the  title  frequently  employed 
by  Mr.  Wickham  King — seems  to  have  attained  its  maximum 
elevation  in  Permian  times,  when  the  breccias,  sandstones,  and 
marls  of  that  age  were  accumulated  in  the  hollows,  the  hill- 
sides were  steep  and  the  streams  violent  and  intermittent 

In  the  succeeding  Bunter  times  the  Midland  ridges  were  still 
further  degraded,  and  the  valleys  more  or  less  filled  up  by  the 
coarse,  sandy,  »nd  pebbly  deposits  derived  from  their  ruins; 
finally,  in  Keuper  times,  the  remaining  irregularities  were  all 
brought  to  that  general  uniform  level,  or  pene-plain,  on  which 
the  succeeding  Rhaetic  and  Liassic  strata  seem  to  have  been 
deposited. 

The  ridging  up  of  the  old  pre-Triassic  floor  in  the  Midlands, 
as  we  have  already  mentioned,  probably  attained  its  maximum 
in  the  Permian  period,  when  the  denudation,  which  had  already- 
stripped  off  parts  of  the  ridges  their  original  covering  of  Silurian, 
progressed   so   far  as  to  lay   bare   along  their  crests,    first   th< 
underlying  Cambrian  deposits,  and  eventually  the  wide-spreadin| 
basement  sheets  of  Uriconian  volcanic  rocks.     Indeed,  in  th< 
local  areas  where  the  Cambrian   rocks   were  wanting,  the  pre^ 
Cambrian  volcanic  rocks  must  have  been  laid  bare  immediately^, 
after  the  erosion  of  the  Silurian.     According  to  this  hypothesisa 
it  was  from  these  denuded  areas  of  Midland  Basement  Rocks  tl 
the  volcanic  materials  of  the  Permian  Breccias,  etc.,  were  derivi 
and  not  from  the  distant  areas  of  Central  Shropshire. 

Of  late  years  the  study  of  the  local  composition,  and  of 
place  and  mode  of  origin  of  the  several  areas  and   sheets  • 
Permian  breccia,  has  been  taken  up  with  great  energy  and  succe- 
by  Mr.  W.  Wickham  King.     He  has  discovered  that  the  Permit  m. 
breccias   of   these    different    areas,   although    possessing  mar  ^sVi 
common  features,  vary  in  the  relative  proportion  and  character      "  c 
their  volcanic,  sedimentary,  and  fossiliferous  constituents  from 
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to  area,  and  he  has  reached  the  conclusion  that  such  variations 
are  in  harmony  with  the  ascertainable  facts  of  the  local  dis- 
tribution of  pre-Permian  rocks  in  the  Midland  regions  at  the  time 
in  which  the  Permian  breccias  were  laid  down.  The  breccias  of 
the  Malvern-Abberley  areas  contain  fragments  of  the  peculiar 
rock-types  of  the  Syenitic,  Silurian,  and  Old  Red  Sandstone 
formations  occurring  in  sitfi  in  these  hills;  the  breccias  of 
the  Lickey  region  afford  examples  of  the  characteristic  fossiliferous 
Silurian  rocks  of  that  area,  and  so  on.  The  local  derivation 
of  the  materials  of  the  breccias,  as  a  whole,  seems  to  be  con- 
firmed by  the  rapid  decrease  in  size  of  the  fragments  as  the 
breccias  are  followed  in  a  northerly  and  north-westerly  direction, 
by  the  gradual  rounding  of  the  materials  in  this  direction,  and  by 
the  apparently  total  absence  of  fragments  of  Ordovician  rocks. 

As  respects  the  mode  of  origin  of  these  Midland  breccias, 
Mr.  King  is  of  the  opinion  that  they  are  local,  sub-aerial 
torrential  deposits,  formed  more  or  less  of  scree  and  talus,  swept 
down  in  times  of  flood  from  steep  hill  slopes  near  at  hand.  By 
Mr.  R.  D.  Oldham*  they  are  regarded  as  a  mixture  of  local 
moraine  and  scree-material,  transported  and  deposited  by  streams. 

The  Triassic   System. 

The  Triassic  system,  as  already  pointed  out,  is  the  Birming- 
ham system  par  excellence.  Not  only  is  the  city  built  upon  strata 
of  this  age,  but  they  overspread  fully  three-fourths  of  the 
area  which  we  term  the  Birmingham  District.  Indeed,  the 
surface  of  the  Birmingham  District,  considered  as  a  whole,  may 
be  broadly  defined  as  that  of  a  solidified  sea  of  Triassic  deposits, 
which  fill  up  to  one  general  level  the  hollows  in  a  most  irregular 
basin,  or  old  land  surface,  carved  out  of  Palaeozoic  rocks. 

The  main  outcrop  of  the  two  divisions  of  the  system,  the 
Bunter  and  the  Keuper,  divide  the  Triassic  district  very  fairly 
between  them.  All  the  Triassic  country  lying  to  the  north- 
west of  a  line  drawn  from  the  Abberley  Hills  through  Birming- 
ham to  Ashby  (with  the  exception  of  the  united  synclinal  areas  of 
Brewood  and  Burton  on  Trent  \  is  formed  by  the  outcropping  edges 
of  the  Bunter  formations.  All  the  Triassic  area  lying  south  and 
east  of  this  line  (with  the  exception  of  the  narrow  anticlinal  area 
of  the  Lickey  Hills)  is  floored  by  the  component  formations  of 
the  Keuper. 

This  special  geographical  distribution  of  the  main  outcrops 
of  the  two  members  of  the  Midland  Trias  is  admittedly  due  in 
part  to  the  general  south-easterly  dip  of  these  rock  formations, 
but  only  to  a  very  minor  degree.  It  is  pre-eminently  the  natural 
consequence  of  the  remarkable  thinning  out  of  the  consecutive 
members  o|  the  Trias,  as  they  are  followed  from  the  north-west 

•  R.  D.  Oldham,    "  A  Comparison  of  the  Permian   Breccias  of  the   Midlands,   etc." 
Quart,  faum.  Geol.  Soc.^  vol.  1,  1894,  p.  463. 
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to  the  south-east,  and  to  their  successive  overlaps  upon  the  pre- 
Triassic  floor  of  the  district.  In  the  north-western  parts  of  the 
country,  near  Newport  and  Whitchurch,  all  the  formations  of  the 
Trias  are  present  from  the  Lower  Variegated  Sandstone  at  the 
base  to  the  Keuper  Marls  and  Rhaetic  at  the  summit,  and  the 
rocks  of  the  system  are  fully  a  mile  (5,200  ft)  in  collective 
thickness. 

But  as  we  pass  over  the  district  from  west  to  east,  or  from 
north  to  south  (or,  more  generally  speaking,  from  north-west  to 
south-east),  we  find  that  not  only  do  the  component  formations 
of  the  Trias  decrease  individually  in  thickness,  but  they  die 
out  one  after  the  other  in  the  order  of  their  ascending 
succession ;  so  that  when  we  reach  the  eastern  and  southern 
limits  of  the  district  the  highest  formation  of  the  red  rock  series, 
namely,  that  of  the  Keuper  Marls,  is  all  that  remains  to  represent 
the  entire  Triassic  system. 

In  the  areas  lying  west  and  north-west  of  the  South  Stafifordshire 
Coalfield  the  Lower  Variegated   Sandstone  forms  the   base  of 
the  system.     Upon  the  flanks  of  the  Coalfield  itself  the  Lower 
Variegated  Sandstone  is  absent,  and  the  Pebble  Bed  reposes  a 
once  upon  the  pre-Triassic  floor.     A  short  distance  farther  to  th 
eastwards,  namely,  the  northern  parts  of  the  East  Warwickshire: 
and  Ashby    Coalfields,   the    highest    Bunter    formations    alsci 
disappear ;  and  in  Eastern  Warwickshire  the  Keuper  Sandston 
rests  unconformably  upon  the  pre-Triassic  rocks.     Finally,  in  th 
southern   part   of  the  Charnwood  Forest  region,  even  this  ha 
vanished,  and  the  Keuper  Marl  runs  up  in  long  fiord-like  arm 
between  the  more  or  less   buried  Archaean    heights,   and    th 
horizontal  layers  of  the  marl  end  off"  suddenly  against  the  stee_ 
sides    of   the    ancient    hills    and    glens    of   the    pre-Triass~ 
landscape. 

The  following  table  gives  a  rough  index  of  the  decrease  ^ 
individual  thickness,  and  of  the  overlap  of  the  successive 
tions  upon  the  floor  of  the  pre-Triassic  basin  as  they  are  follow 
across  the  district  from  west  to  east : 
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As  a  general  rule  the  Triassic  strata  are  very  gently  inclined, 
the  dip  rarely  exceeding  lo  degrees,  and  in  the  majority  of  cases 
ranging  from  about  2  to  5  degrees.  Two  of  the  formations, 
namely,  the  Pebble  Beds  and  the  Lower  Keuper  Sandstone  or 
Waterstones,  are  relatively  harder  than  the  rest,  and  their  outcrop 
is  frequently  marked  by  low  hill  ranges,  or  in  many  instances  by 
conspicuous  lines  of  elevation,  often  limited  by  a  steep  scarp, 
usually  facing  to  the  north-west.  In  the  areas  occupied  by  the 
Bunter  formations  the  soft  Variegated  Sandstones  are  eroded 
into  long  and  broad  valleys,  divided  from  each  other  by  ridges 
formed  of  the  hard  Pebble  Beds.  Where,  as  in  ihe  districts 
north  and  north-east  of  the  South  Staffordshire  Coalfield,  the 
Pebble  Beds  spread  out  over  a  large  area,  they  give  origin  to  wide 
undulating  uplands  often  marked  by  broad  stretches  of  open 
heath.  The  outcrop  of  the  Keuper  Sandstone  usually  forms  a 
tract  of  comparatively  high  ground,  well  watered  and  richly 
wooded  The  Keuper  Marls  nowhere  rise  to  any  great  elevation. 
They  spread  out  over  broad  areas  traversed  by  the  larger  rivers 
and  watered  by  countless  minor  screams,  and  form  the  floor  of 
some  of  the  finest  stretches  of  agricultural  land  within  the  limits 
of  the  district. 

BuNTER   Formations. 

Lo7ver  Bunter  or  Lower  Variegated  Sandstone, — ^The  Lower 
Variegated  (or  Mottled)  Sandstones  fringe  the  great  broken 
syncline  of  Trias,  which  lies  between  the  Severn  Valley  and 
the  Black  Country,  and  ranges  south  from  Brewood  to 
Kidderminster.  On  the  western  side  of  this  syncline  they  rest 
unconformably  upon  the  Permian  and  Carboniferous  rocks ; 
and  upon  the  eastern  side  they  are  either  faulted  against  the 
Permian  and  Carboniferous  rocks,  or  they  are  locally  wanting. 
The  formation  attains  a  thickness  of  about  650  ft.  at  Bridg- 
north, but  is  reduced  to  about  a  third  of  that  amount  at 
Stourbridge,  and  disappears  altogether  a  few  miles  to  the 
north  and  south  of  that  town. 

The  strata  of  the  formation  are  invariably  sandstones, 
usually  reddish  brown  in  colour,  but  they  range  from  yellow 
through  brown  to  vermilion.  As  a  group  they  are  remarkably 
false-bedded,  and  are  easily  distinguished  from  the  succeeding 
formation  by  the  total  absence  of  pebbles. 

Good  sections  are  met  with  at  Bridgnorth  and  Bewdley,  but 
perhaps  the  most  interesting  is  that  afforded  by  the  escarpment 
of  Kinver  Edge,  where  the  top  beds  of  the  group  are  hardened 
by  a  calcareous  cement,  and  look  out  to  the  west  over  a  deep 
and  irregular  valley  worn  out  of  the  softer  members  of  the  forma- 
tion. In  and  near  a  detached  mass  of  sandstone  in  the  immediate 
neighbourhood,  called  the  Holy  Austin  Rock,  some  artificial  caves 
or  rock  houses  have  been  excavated.     Certain  yellow  sandstones 
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near  Barr  Beacon,  which  apparently  underlie  the  Pebble  Beds  of 
that  locality,  have  been  identified  as  belonging  to  this  Lower 
Mottled  Sandstone*,  but  if  so  this  is  the  only  known  locality 
where  the  rocks  of  this  basement  division  occur  to  the  east 
of  the  South  Staffordshire  Coalfield. 

The  Middle  Bunter^  or  Bunter  Pebble  Beds, — This  remarkable 
division  of  the  Bunter  is  well  developed  within  the  limits  of  the 
north-western  half  of  the  district,  but  is  unknown  to  the  south-east. 

Wherever  the  formation  presents  itself  under  its  more  typical 
aspect  it  is  seen  to  be  made  up  of  a  mass  of  well-rounded  pebbles^ 
usually  more  or  less  elongated,  and  varying  in  size  from  a  pigeon's 
egg  to  that  of  a  man's  head.  The  majority  are  yellow,  brown,  and 
occasionally  chocolate,  or  even  dark  liver-coloured,  quartzites. 
Pebbles  of  hard,  grey  sandstone  and  volcanic  grit,  are  occasionally 
met  with,  and  in  some  localities,  especially  to  the  south-west,  in  the 
Clent  and  Lickey  range,  abundant  pebbles  of  silicified  limestone. 
Pebbles  of  more  or  less  rotted  limestone  with  Encrinites  are  not 
uncommon  in  the  Sutton  and  Lichfield  areas,  and  rounded  pieces 
of  volcanic  rock,  granite,  and  hardened  slates  occur  locally. 
Many  of  the  pebbles,  especially  in  the  Sutton  District,  are  deeply 
indented,  and  are  frequently  found  to  have  been  cracked  in  sitity 
falling  to  pieces  when  removed  from  the  parent  rock.  In  some 
localities  the  formation  is  a  loose  aggregate  of  pebbles  set  in  an 
open  sandy  matrix ;  where,  however,  the  rock  has  been  cut 
through  at  great  depths  underground,  as  in  wells  and  borings  for 
water,  the  matrix  seems  to  be  highly  calcareous  and  is  often 
intensely  hard,  any  fracture  passing  through  pebbles  and  matrix 
alike.  Sometimes  the  pebbles  are  less  conspicuous,  and  the  group 
is  made  up  of  alternations  of  pebbly  and  sandy  zones.  Sometimes 
the  larger  pebbles  are  wanting  altogether,  and  the  formation  is 
represented  by  coarse,  false-bedded  sandstones,  with  occasional 
small  pebbles  scattered  here  and  there  in  the  body  of  the  rock. 

In  the  great  Triassic  syncline  to  the  west  of  the  South 
Staffordshire  Coalfield,  this  Pebble  Bed  formation  is  the 
middle  member  of  the  local  Bunter  division,  lying,  with  apparent 
conformity,  between  the  Lower  and  Upper  Variegated  Sandstones, 
the  outcrops  of  the  three  forming  parallel  bands.  It  here  attains  a 
thickness  which  has  been  estimated  at  from  300  to  650  feet.  Its 
basement-bed  in  the  Bridgnorth  district  is  a  hard  breccia  formed 
of  angular  fragments,  which  passes  gradually  upwards  into  the 
hard  conglomerates  of  the  group,  but  rests  below  in  the  hollows 
of  an  eroded  surface  of  the  Lower  Variegated  Sandstone. 
Although  the  stratigraphical  relations  at  this  locality  are  sugges- 
tive of  unconformity,  this  does  not  seem  to  be  the  case 
elsewhere  in  the  western  area. 

The  outcrop  of  the  Pebble  Beds  in  this  western  area  averages 
about  a  mile  in  width,  and  ranges  continuously  north  and  south 

•  London  Proc.  Binn.  Phil.  SoCfXtA.  vii,  i88q-9i,  p.  113. 
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from  Newport  to  a  point  near  Bridgnorth  (i6  miles).  From  this 
locality  it  is  thrown,  by  a  transverse  dislocation,  some  three  miles 
to  the  north-east,  to  the  neighbourhood  of  Claverley ;  thence 
it  sweeps  in  a  long  and  gentle  curve,  convex  to  the  east,  through 
Abbot's  Castle  Hill,  Kinver  Edge,  and  Kidderminster  to  the  banks 
of  the  Severn,  where  it  disappears  as  it  is  faulted  against  the  Coal 
Measures  of  the  Forest  of  Wyre.  Throughout  most  of  its  course 
from  Newport  to  Bewdley,  this  outcrop  of  the  Pebble  Bed  forma- 
tion is  marked  by  a  ridge  of  high  ground,  with  a  steep  scarp  to 
the  west,  and  a  gentle  slope  to  the  east  in  the  direction  of  the 
dip  of  the  beds.  Some  of  the  ridges,  formed  by  the  Pebble  Bed 
group  along  this  course,  are  conspicuous  features  in  the  land- 
scape, as  Pendlestone  Hill  near  Bridgnorth,  Abbot's  Castle  Hill 
near  Trysull,  and  the  fine  escarpment  of  Kinver  Edge,  between 
Enville  and  Kidderminster. 

The  size  of  the  pebbles  along  this  line  is  very  variable,  and 
the  rock  sometimes  becomes  a  sandstone,  containing  only  a  few 
scattered  pebbles  of  comparatively  small  size.  While  the  pebbles 
are  dominantly  formed  of  quartzite,  there  are  abundant  examples 
of  other  rocks,  such  as  vein  quartz,  blue  and  grey  limestones  with 
Carboniferous  and  Silurian  fossils,  grits,  and  sandstones  of  various 
colours  and  ages,  with  occasional  volcanic  rocks,  slates,  and  lydian 
stones.  Sometimes  the  matrix  is  calcareous  and  intensely  hard, 
at  other  times  the  rock  often  degenerates  into  a  loose  gravel. 

Along  the  eastern  side  of  this  syncline  there  occur  strips  of 
the  Pebble  Beds,  ranging  south  from  Church-hill  through 
Kingswinford,  Himley,  and  Bushbury,  to  the  town  of  Cannock 
where  they  merge  into  the  broad  expanse  of  Pebble  Beds  of 
Cannock  Chase.  They  are  much  cut  up  by  faults,  and  in  the 
southern  half  of  the  area,  where  they  are  apparently  faulted 
repetitions  of  the  western  outcrops,  they  rest  conformaljly  upon 
the  Lower  Variegated  Sandstone,  and  in  the  northern  half,  where 
they  dip  west  from  off  the  flanks  of  the  South  Staffordshire 
Coalfield,  they  lie  unconformably  on  the  Permian.  Some  good 
sections  are  seen  along  the  southern  part  of  their  course  where 
they  form  the  conspicuous  fir- covered  scarp  of  WoUaston  Ridge, 
west  of  Stourbridge. 

Broadly  speaking  it  may  be  said  that  the  Pebble  Beds  attain 
their  widest  geographical  extension  along  the  outer  margins 
of  the  anticlinal  form  of  the  South  Staffordshire  Coalfield  and 
its  flanking  Permian  areas.  The  Pebble  Beds  dip  off  this  anti- 
clinal axis  all  round  the  Coalfield,  but  their  outcrop  is  by  no 
means  continuous.  Wherever  the  base  of  the  formation  is  seen 
the  Pebble  Beds  rest  at  once  upon  the  eroded  edges  of  the 
Permian  or  Carboniferous  rocks,  occasionally  a  few  feet  of  loose 
sandstone  intervene,  which  are  doubtfully  representative  of  the 
Lower  Variegated  Sandstone.  Often,  however,  the  Pebble  Beds 
are  faulted  against  the  older  deposits. 
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The  narrow  complicated  strip  of  Pebble  Beds  running  up 
the  western  edge  of  the  Coalfield  from  Stourbridge  to  Cannock 
has  already  been  mentioned.  North  of  the  Coalfield  the  outcrop 
of  the  Pebble  Beds  forms  the  district  of  Cannock  Chase,  a 
wide,  undulating  heathy  moorland,  some  six  miles  in  breadth,  ^m^ 
ranging  northward  to  the  valley  of  the  Trent.  Here  the  Pebble  t^^^e 
Beds,  which  r^st  at  once  upon  Coal  Measures,  are  exposed  in  .^^j^-  ^ 
many  artificial  excavations,  and  contain,  in  addition  to  the  rock  ^^^-k 
varieties  already  mentioned,  a  notable  proportion  of  Carboniferous  ^»  ^^^ 
Limestone  pebbles.  Carboniferous  grits,  with  flagstone  and  purple:^»x.Ie 
grits  containing  much  volcanic  material. 

To  the  south  of  the  Coalfield  the  Pebble  Beds  occupy 
undulating  area  about  9^  miles  in  length,  extending  from  Black 
well  to  Stourbridge,  and  ranging  along  the  southern  slopes  of  th< 
Lickey  and  Clent  ranges.     To  the  east  the  outcrop  of  the  form; 
tion  is  broad  and  fairly  continuous  ;  it  is  1 8  miles  in  length,  an<^ 
extends  from  the  neighbourhood  of  Harborne,  through  Hand^ 
worth    and    Western    Birmingham,    Perry,    and     Sutton    Par^ 
(where  its  outcrop  is  3J  miles  wide),  practically  to  the  City 
Lichfield. 

Good  sections  of  the  Pebble  Beds  are  met  with  in  Suttu      -pn 
Park  and  the   surrounding  district — one   near  Blackroot   Po       wq/ 
giving  a  vertical  section  of  about  30  feet.     There  are  few  go<        .h} 
sections  in  the  Lickey  area  or  to  the  west  of  Birmingham ;  o^^ne 
at  Snails  Green,  near  Barr,  and  one  in  the  neighbourhood  of  Lic=r  h- 
field  are,  however,  perhaps  worthy  of  mention. 

The  Pebble  Beds  are  met  with  again  in  a  small  area  to  t  *e 
north-east  of  the  Warwickshire  Coalfield.     They  occupy  seve^-^ai 
long  and  narrow  strips  on  the  flanks  of  the  Ashby  Coalfie-ld, 
where,  however,  they  are  of  no  great  vertical  thickness. 

/^a/(Fozoic  Fossi/s  of  the  Pebbles  of  the  Middle  Bunter. — The  unaltered  Carboni- 
ferous Limestone  pebbles  afford  the  usual  fossils  of  that  formation,  and  arcfa-irlv 
abundant  in  the  more  northerly  exposures  of  the  Pebble  Beds ;  in  the  souin 
the  limestone  pebbles  are  usually  more  or  less  silicihed,  and  fossils  are  r-are. 
Quartzites    and    grits    with    Devonian    fossils — such    as    Spirifer   vetn^^A 
HomalonotuSy  etc.,  are  only  occasionally  met  with.     Silurian  sandstones    and 
grits,  both  calcareous  and  silicihed,  are  by  no  means  uncommon,  and  are  often 
rich   in    characteristic    fossils — especially    in    Llandovery    forms.      Perhaps 
the  most  interesting  fossils,  however,   are   those   afforded   by   certain    gT9'» 
purple,  and  brown   quartzites  which  are   of  Ordovician  age.     These  fossils 
include  the  well-known  Lingula  lesueuri  of  the  Gris  ArmoHcain  of  the  west  of 
France   and    many   Lamellibranchiata.       There   are  also   Ordovician   (ortas 
of    somewhat    later    date  —  Orthts    hudleighensis^     Glyptocrinus    basalts^    tU:., 
like  those  of  the  Gres  de  May  and  the  Welsh  Bala  formations.    Some  good 
collections   of  these   fossils  from  the   Bunter   Pebbles   have   been   made  by 
the    late    Mr.   Molyneux,   and    by   Mr.    Harrison    and    Mr.   T.   Evans,  of 
Birmingham. 

Mode  and  Place  of  Origin  of  the  Bunter  Pebbles. — The  two  closely  ithif^ 
problems  of  the  original  source  or  sources  of  the  fossiliferous  and  non* 
fossiliferous    Bunter    pebbles,    and    the    cause    or    causes  of    their   prcsenj  ^^ 

association  and  distribution  have  long  fascinated  the  working  geologist,  an<*  ■     "'^ 
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nany  and  diverse  are  the  opinions  which  have  been  advanced.  As  regards 
he  agency  to  which  they  owe  their  rounded  form  and  present  associations,  they 
ire  regarded  by  some  as  being  wholly  of  marine  origin — the  products  of  strong 
%'ave  action,  current  action,  or  tidal  action — like  the  pebbly  accumulation  of 
he  recent  Chesil  Beach.  By  others  they  are  looked  upon  as  being  wholly  of 
luviatile  origin,  having  been  rounded  by  the  action  of  flooded  rivers  and 
orrents,  and  deposited  as  deltas  in  freshwater  lakes,  or  spread  out  in  the 
owlands  at  the  foot  of  steep  hill  ranges  as  sub-aerial  fans  or  alluvial  deltas^ 
n  the  manner  of  the  Nagelfluh  of  Switzerland,  or  the  Sivalik  of  Northern 
!ndia. 

As  regards  the  rock  formations  from  which  they  were  derived,  it  has  been 
jrged  by  some  that  they  originated  in  the  breaking  up  and  disintegration  of 
larlier  British  conglomerate  formations^  like  those  of  the  Old  Red  Sand- 
stone of  Scotland  and  the  like  ;  by  others,  that  they  have  all  originated  from 
;he  natural  erosion  and  weathering  of  ancient  solid  rock  formations y  which  were 
bared  to  the  atmosphere,  broken  up  into  fragments  by  ordinary  meteoric 
iction,  and  rounded  into  pebbles  during  Bunter  times. 

As  regards  their  geographical  source,  or  sources,  of  derivation,  it  has 
been  contended  by  some  that  they  are  more  or  less  of  distant  origin. 
According  to  one  view,  they  came  from  the  norths  havin?  been  brought  from 
Scotland  and  the  north  of  England ;  according  to  another,  they  were  derived  from 
the  south — from  barriers  or  high  grounds  lying  towards  southern  England^ 
or  even  as  far  distant  as  the  English  Channel  and  the  west  of  France.  By 
others  it  is  believed  that  they  are  all  probably  of  more  or  less  local  origin, 
having  been  derived  from  those  ancient  ridges  of  rock  that  diversified  or 
bounded  the  Triassic  basin,  of  which  the  Wrekin,  Caradoc,  the  Long- 
mjmd,  the  Malverns,  the  Lickey,  and  Charnwood  are  at  present  almost  the 
only  unburied  remains,  and  that  they  were  spread  out  in  the  intervening 
Triassic  valleys  and  plains  at  no  great  distance  from  their  parent  rocks. 

Upper  Bunter  or  Upper  Variegated  Sandstone. — The  outcrop 
3f  the  Upper  Variegated  Sandstone  follows  the  course  of  that  of 
the  Pebble  Beds  along  the  valley  of  the  Severn  from  Newport  to 
Bewdley,  where  the  rock  attains  a  thickness  of  from  500  to  600 
it.,  and  also  around  all  sides  of  the  anticHne  of  the  South 
Staffordshire  Coalfield,  where,  however,  its  thickness  is  very 
nuch  reduced. 

Its  strata  are  very  similar  in  composition  to  those  of  the 
Lower  Variegated  Series,  consisting  of  fine-grained  sandstones, 
isually  of  a  bright  red  or  vermilion  tint,  and  locally  variegated 
3r  mottled  with  bands  and  blotches  of  white  or  pale  yellow. 

The  formation  is  everywhere  more  deeply  eroded  than  the 
flanking  Pebble  Beds  and  Keuper  sandstone,  and  it  usually 
floors  a  narrow  tract  of  low  ground  bounded  by  conspicuous 
heights.  The  best  sections  occur  in  the  Severn  area,  near  Stour- 
port  (the  Redstone  Rock),  where  the  strata  of  the  formation  are 
laid  bare  to  a  depth  of  300  ft.  They  here  contain  intercalated 
bands  of  angular  fragments  and  pebbles,  a  phenomenon  not  un- 
common in  this  neighbourhood  in  both  the  underlying  and  over- 
lying formations. 

In  all  the  regions  lying  west  of  the  South  Staffordshire  Coal- 
field the  Upper  Variegated  Sandstone  covers  large  tracts  of 
country,  and  the  important  towns  of  Stourport  and  Stourbridge 
are  built  upon  it.     A  strip  of  the  Sandstone  overlies  the  Pebble 
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Beds  to  the  south  of  the  Coalfield,  on  the  flanks  of  the  Clent 
and  Lickey  range,  and  a  good  section  is  shown  at  Blackwell 
Station. 

East  of  the  South  Staffordshire  Coalfield  the  Upper  Variegated 
Sandstone  sweeps  north  from  the  Lower  Lickey  Hills,  through 
Birmingham  (where  its  outcrop  is  about  one  mile  in  width),  to 
Lichfield  and  Rugeley.  One  of  the  finest  sections  of  these  beds 
occurs  within  the  limits  of  Birmingham  city  itself,  namely,  in  the 
cemetery  near  the  G.  W.  Railway  station  at  Hockley,  where  the 
sand  has  long  been  worked  for  moulding  and  foundry  purposes. 
The  exposures  in  the  Sutton  and  Lichfield  areas  are  few  and  frag- 
mentary. East  of  a  line  drawn  north  and  south  through  the  centre 
of  the  Birmingham  District  the  beds  of  this  division  appear  to  be 
wholly  wanting. 

Keuper  Formations. 

The  Keuper  of  the  Birmingham  District  is  made  up  of  th< 
so-called  Lower  Keuper  Sandstone  and  the  Keuper  Marls.     Th< 
former  is  one  of  the  most  consolidated  members  of  the  Midland 
Trias,  and  usually  gives  origin  to  ridges  of  high  ground, 
steeper  scarps  look  out  over  the  lower  grounds  or  open  val< 
marking  the  outcrop  of  the  underlying  Upper  Vari^ated  Sand 
stone,   whilst  their  gentler  slopes   die  down    in    the   opposite 
direction,  towards  the  broad  rolling  lands  floored  by  the 
Keuper  Marls. 

Everywhere  to  the  west  and  north-west  of  the  Black  Count 
the  stratigraphical  relationship  between  the  Keuper  and 
Bunter  appears  to  be  that  of  a  general  conformity,  but  the  base  r  is 
usually  marked  by  the  presence  of  a  breccia  or  conglomerate  ^Jlfi 
often  resting  in  hollows  on  the  surface  of  the  underlying  strat  si^tsu 
On  the  southern  and  eastern  sides  of  the  Black  Country  the  ha  p. 

ment  conglomerate  and  breccia  are  often  wanting,  and  the  relatioE^  -^ns 
are  sometimes  those  of  apparent  conformity,  sometimes  of  absoluE^..jte 
unconformity.  In  the  areas  of  the  East  Warwickshire  and  Ash'^'^^by 
Coalfields   the  Keuper  Sandstone  rests  at  once  unconformatsMfcly 

upon  the  Palaeozoic  rocks,  and  the  entire  formation  is  reduced  ^  to 

a  homogeneous  group  of  pale  red  sandstones  and  marls  with  feiM^Bvor 
no  breccias  or  conglomerates. 

Lmver  Keuper  Sandstone. — As  a  general  rule  three  divisions         are 
recognisable  in  the  Keuper  Sandstone.    The  lowest,  or  basem      v/»/, 
group  is  formed  of  coarse  sandstones,  with  calcareous  breccias  -^and 
cornstones  and  occasional  beds  of  marl.     The  middle  divi":^s/on 
consists    of   fine-grained    sandstones,    often    forming    exce^.7eor 
building  stone  (Bromsgrove,  Hill  Top,  etc.).     The  upper  dxim^sm 
is  made  up  of  brownish  red  laminated  sandstones  and  flags     ^ih 
sandy  marls,  and  is  locally  known  by  the  name  of  the   W^^fer- 
stones — a  title  which  is  very  frequently  applied  to  the  whole  of  the 
Lower  Keuper  formation  in  general. 
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The  Basement  series  is  well  shown  in  the  neighbourhood  of 
Stourport  and  Witley,  where  it  often  contains  local  beds  of  breccia, 
and  rests  unconfonnably  upon  the  underlying  Bunter  and 
Palaeozoic  rocks.  The  hard  calcareous  beds  give  origin  to 
prominent  scarped  hills  in  the  Brewood  and  Albrighton  area. 
The  widest  spread  of  the  Lower  Keuper  Sandstone  ranges  north- 
west across  the  country  from  the  Abberley  Hills  to  the  Clents 
near  Hagley  and  Stourbridge,  where  a  good  section  is  seen  in  the 
railway  cutting.  South-west  of  the  Lickey  Range  it  occupies  a 
broad  triangular  area,  having  the  town  of  Bromsgrove  for  its 
centre  ;  the  hard  calcareous  division  at  the  base  is  here  very 
conspicuous,  as  is  also  the  pale-coloured  building-stone  group 
near  the  summit.  East  of  the  Lickey  range  the  formation  sweeps 
through  faulted  ground  from  Barnt  Green  to  Selly  Oak,  several 
good  sections  being  afforded  by  the  railway  cuttings,  and  in  the 
quarries  at  Weoley  Castle  and  elsewhere.  At  Edgbaston  its 
outcrop  expands  to  about  half  a  mile  in  width,  and,  limited  by 
the  great  Birmingham  fault  to  the  east,  it  sweeps  through  the 
centre  of  the  city  in  a  continuous  band,  forming  the  higher  ground 
occupied  by  the  more  important  streets  and  the  chief  public 
buildings  —  the  Town  Hall,  St.  Philip's  Church,  the  Mason 
College,  the  Council  House,  etc.  It  is  continued  under  the 
suburbs  of  Aston,  Erdington,  and  Wylde  Green  to  Sutton  Cold- 
field,  beyond  which  it  passes  through  a  much  faulted  area  to  the 
city  of  Lichfield  and  the  town  of  Rugeley,  and  is  prolonged  far 
into  the  valley  of  the  Trent. 

In  the  East  Warwickshire  areas  the  Waterstones  or  Lower 
Keuper  sandstones  are  not  of  any  great  thickness.  They  rest 
unconformably  upon  the  Palaeozoic  rocks,  and  consist,  for  the 
most  part,  of  pale  pink  and  yellow  or  white  sandstones,  with 
local  seams  of  sandy  marl.  The  outcrop  of  the  formation  fringes 
the  Palaeozoic  district  from  Nuneaton,  southward  to  Leamington, 
and  from  Warwick  northward  to  Berk  swell  and  Maxtoke.  Some 
inliers  also  occur,  like  that  upon  which  part  of  the  city  of 
Coventry  is  built  (Andrews). 

Fossils  are  occasionally  met  with  in  these  Lower  Keuper  Sand- 
stones. The  Triassic  fish  Dipteronotus  cyphus  was  obtained  from 
a  cutting  in  these  beds  near  Bromsgrove  Station.  Bones  and 
teeth  of  several  species  o{  Labyrinthodon  {Labyrinthodon  jdgeri)^ 
Cladyodotiy  Hyperodape dotty  have  been  procured  at  various  times 
from  quarries  near  Warwick,  and  several  of  these  are  now  in  the 
Warwick  Museum.  Footprints  of  animals  and  fragments  of  plants 
are  occasionally  met  with  in  the  Building-Stone  group. 

Economics  and  Scenery  of  the  Waterstone  Areas, — The  narrow 
bands  of  Midland  country  floored  by  the  outcrop  of  these 
Waterstones  or  Lower  Keuper  Sandstones — rich  in  springs  of 
good  water,  relieved  by  swelling  hills  or  picturesque  scarps,  and 
adorned  with   a   luxuriant  growth  of   trees — were   those   which 
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were  naturally  selected  by  the  ancient  inhabitants  of  the 
district  as  the  sites  of  their  earliest  permanent  settlements.  Since 
the  dawn  of  history  they  have  always  remained  the  favourite 
dwelling  grounds  for  the  inhabitants  of  the  Midlands.  All  the 
older  towns  of  the  district — Warwick,  Coventry,  Nuneaton,  Tam- 
worth,  Bromsgrove,  Birmingham,  Sutton  Coldfield,  Lichfield, 
Penkridge,  etc. — are  built  upon  the  outcrops  of  the  Water- 
stone  formation  ;  and  the  favourite  suburbs  of  these  towns 
lie  along  its  outcrop  —  Edgbaston,  Erdington,  Tettenhall, 
Stourbridge,  Leamington.  Not  only  do  we  find  upon  it  most  of 
the  mansions  of  the  older  nobility,  such  as  Witley,  Himley, 
Hagley,  Hewell,  Warwick,  Edgbaston,  etc.,  but  its  course  round  the 
South  Staffordshire  Coalfield  is  marked  by  the  sites  of  the  country 
or  suburban  villas  and  grounds  belonging  to  those  whose  wealth 
enables  them  to  satisfy  their  natural  craving  for  a  home  for  them- 
selves and  their  families  in  the  healthiest  and  most  picturesque 
parts  of  the  District. 

Keuper  Marls, — The  outcrops  of  the  Keuper  Marls  occupy  a 
collective  area  almost  as  large  as  those  of  all  the  other  Triassic  forma- 
tions combined.  This  area,  however,  although  actually  continuous, 
is  of  a  most  irregular  form,  spreadmg  out  in  wide  expanses  in  the 
broader  synclinal  forms  and  narrowed  almost  to  straits  between 
the  grander  anticlines.  To  the  north  the  Keuper  Marls  floor  the 
main  valley  of  the  Trent  from  Cannock  Chase  to  the  Ashby 
Coalfield.  To  the  north-west  they  form  a  long  strip,  some  eight 
or  nine  miles  in  width,  ranging  down  the  Brewood  syncline  from 
Stafford  to  Womboum.  But  the  three  largest  expanses  are  those 
of  Central  Leicestershire,  Central  Warwickshire,  and  Central  Wor- 
cestershire, which  may  be  looked  upon  as  three  local  expansions 
of  the  naturally  continuous  N.E.  and  S.W.  outcrop  of  the  Keuper 
Marl  series  where  it  sinks  below  the  continuous  outcrop  of  the 
succeeding  Rhaetic  and  Liassic  formations. 

The  Keuper  Marl  area  of  Central  Leicestershire  gives  origin 
to  a  fine  rolling  country.     It  is  somewhat  plain-like  when  con- 
trasted with  the  higher  grounds  of  the  Archaean,  Permian,  an< 
Lias,  which   overlook  it  on  three  of  its  sides  ;  but  some 
attain  an  elevation  of  400  to  500  feet,  and  its  highest  points., 
marked  by  the  towns  of  Hinckley  and  Market  Bosworth, 
about  200  feet  above  the  level  of  Leicester  and  Atherstone,  whicl 
lie  on  its  outer  margins. 

The  Marl  area  of  Central  Worcestershire^  on  the  other  han< 
may  be  defined  as   an  almost  level  plain,  some   twelve  mil( 
wide,  along  the  parallel  of  the  city  of  Worcester,  near  its  northei 
end,  and  narrowing  to  a  point  in  the  direction  of  Gloucester 
its  southern  extremity.      It  is  traversed  by  the  lower  course 
the  Severn  from   Martley   to   Tewkesbury  and  Gloucester. 
is   overlooked  on  the  west  by  the  long  and  steep  range  of 
Malverns,  and  to   the  east   by  the  Jurassic  scarps  of 
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and  the  Cotteswolds,  which  lise  gradually  to  higher  and  higher 
elevations  as  they  are  followed  from  Droitwich  to  Cheltenham. 

The  central,  and  perhaps  the  most  important  area  of  outcrop 
of  the  Keuper  Marls  fills  up  much  of  Central  Warwickshire,  and 
occupies  the  country  ranging  S.E.  from  the  city  of  Birmingham 
to  Harbury,  a  few  miles  beyond  Warwick.  This  is  the  district  of 
the  ancient  Forest  of  Arden,  and  includes  within  its  limits  the 
towns  of  Henley-in-Arden,  Redditch,  Alcester,  Solihull,  Coleshill, 
Stratford-on-Avon,  and  others.  It  is  crossed  by  the  watershed 
between  the  basins  of  the  Trent  and  the  Severn,  and  is  drained 
by  the  tributaries  of  the  Avon  and  the  Tame.  Some  parts  of  the 
area  along  the  banks  of  these  rivers  are  less  than  200  ft.  above 
sea  level,  and  the  central  watershed  is  so  low  that  it  is  crossed  by 
the  railway  and  canal  routes  at  only  about  150  ft.  higher.  Few 
parts  of  the  area — with  the  exception  of  the  broad  meadow 
grounds  of  the  Tame  between  Birmingham  and  Shustoke,  and 
those  of  the  Avon  between  Stratford  and  Tewkesbury — can  be 
described  as  flat  or  monotonous.  The  surface  is  relieved  by 
numberless  long  and  broad  ridges,  often  well  wooded  and  highly 
picturesque.  The  highest  of  these  ridges,  which  ranges  from 
Moseley  and  King's  Heath  south  of  Birmingham  almost  to 
Henley-in-Arden,  attains  in  some  points  a  height  of  600  ft.  above 
the  level  of  the  sea,  or  more  than  400  ft.  above  the  level  of  the 
valleys  of  the  Avon  and  the  Tame. 

Throughout  the  whole  of  their  range  in  the  Birmingham 
District  the  strata  of  the  Keuper  Marl  group  retain  a  fairly 
uniform  lithological  character.  They  consist  of  bright  red 
marls  and  shales,  with  intercalated,  thin-bedded,  greyish  sandy 
and  micaceous  shales,  and  occasional  bands  and  seams  of  gypsum 
a  few  inches  in  thickness.  In  the  Worcester,  Warwick,  and 
Leicester  areas  a  thin  grey  sandstone  group  (the  Upper  Keuper 
Sandstone  or  Shrew  ley  Sandstone)  comes  in  near  the  summit  of 
the  series,  but  does  not  appear  to  be  invariably  present.  It  is 
exposed  upon  the  sides  of  the  canal  near  Shrewley,  and  elsewhere 
between  Birmingham  and  Warwick,  where  it  has  yielded  examples 
of  fossil  fishes  (PalcBoniscus  superstes\  the  Crustacean  Estheria 
mifiiita,  and  a  few  I^mellibranchiata  (Brodie) — probably  marine. 
Some  of  the  same  forms  occur  also  in  other  localities.  These 
Upper  Keuper  Sandstones  are  met  with  at  many  points  around 
Henley-in-Arden,  Alcester,  and  also  near  Inkberrow  to  the  S.W. 
and  near  the  town  of  Leicester  to  the  N.E. 

The  marls  of  the  Keuper,  both  above  and  below  the  horizon 
marked  by  the  Shrewley  sandstone,  are  everywhere  barren  of 
fossils.  The  division  below  this  sandstone  band  is  not  only 
distinguished  by  the  presence  of  layers  of  gypsum  and  occasional 
seams  of  grey  sandy  clay  and  marl  (well  seen  in  the  brick-pits  E.  of 
Birmingham),  but  it  contains  in  the  Worcester  District — between 
Droitwich  and  Stoke — a  bed  of  rock  salt,  the  brine  from  which 


«>  A 


388  C.    LAPWORTH    AND   W.    W.    WATTS   ON 

has  for  many  years  been  pumped  for  the  manufacture  of  salt  at 
both  these  localities.  In  none  of  the  remaining  synclines  of  the 
district  are  actual  salt-beds  known,  but  pseudomorphs  after  salt  are 
by  no  means  uncommon  in  the  strata. 

Afodg  of  Origin  of  the  Triassic  Rocksy  etc. — This  is  no?  the  place  in  which 
to  discuss  the  various  views  which  have  been  advanced  by  geologists  to 
account  for  the  remarkable  lithological  features  of  the  Triassic  deposits  and 
for  their  peculiar  stratigraphical  relations  to  the  Palaeozoic  rocks  below.  There 
can  be  no  doubt  that  the  rocky  floor  upon  which  the  Triassic  sediments  of  the 
Midlands  repose  must  originally  have  been  of  very  irregular  outline,  and  of  a 
very  diversihed  surface.  It  was  probably  overlooked  by  tracts  of  high  land 
along  the  Pennine  Chain,  Central  Wales,  Devon  and  Cornwall,  and  was  relieved 
by  steep  and  narrow  heights  in  the  neighbourhood  of  Charnwood  Forest,  the 
Lickeys,  and  the  Mendips,  and  possibly  in  the  earlier  stages  of  the  Triassic, 
by  continuous  high  ground  along  this  line.  During  the  course  of  Triassic 
time  the  hollows  in  this  irregular  rocky  floor  became  gradually  filled  up  by 
the  red  sediments,  the  first  to  be  deposited  being  the  oldest  Bunter  formations 
in  the  deepest  hollows  to  the  west,  while  the  succeeding  Bunter  and  Keuper 
formations  overlapped  each  other  consecutively  to  the  cast  farther  and  farther 
over  the  higher  parts  of  the  pre-Triassic  floor.  The  lateral  crust  creep, 
which  had  ridged  up  the  Carboniferous  and  older  sediments  of  Bnuin  m 
Permian  time,  seems  to  have  continued  almost  to  the  close  of  the  Bunter  period, 
if,  indeed,  it  did  not  extend  far  into  the  Keuper.  Next,  however,  followed  a 
period  of  comparative  repose,  in  which  the  broader  hollows  were  levelled  up 
by  the  Keuper  sediments,  and  the  intermediate  ridges  became  buried  from 
sight.  Eventually,  at  or  near  the  close  of  the  Keuper  period,  commenced  that 
vast  regional  depression  during  which  Britain  and  Western  Europe  were 
submerged  below  the  waters  of  the  Rhaetic  and  Jurassic  seas. 

On  the  whole,  it  would  seem  that  the  facts  discoverable  in  the  Midlands 
tend  to  confirm  the  original  views  of  Godwin-Austen  and  Professor  Ramsay, 
that  all  the  New  Red  Sandstones  of  the  Midlands,  including  under  that  desig- 
nation both  the  Triassic  and  the  Permian,  were  deposited,  as  a  group,  under 
continental  zQXi^\\\ox\^.     The  rocky  floor  of  this  region  was  not  only  of  most 
irregular  form,  but  included  at  one  and  the  same  time  the  area  from  which 
the  materials  for  the  deposits  were  being  denuded,  and  that  upon  which  the 
deposits   were   being   laid    down.      In    periods  of    greatest   depression   the 
deeper  hollows  may  have  died  down   seaward  into  marine  guHs  and   bays,^ 
while  landward  they  may  have  formed  the  floor  of  open  river  valleys,  boundcdP 
by  steep  and  rugged  hill  ranges.     In  periods  of  greater  elevation,  the  entire 
region,  or  its  larger  valleys,  may  have  enclosed  land-locked  lagoons  and  fresh- 
water lakes,  or  formed  one  or  many  closed  basins,  the  deepest  tracts  of  whichM" 
may  have  become  overspread  by  inland  lakes  at  one  period,  and  at  anothc"  t 
by   dried   up   salt-pans,   surrounded    by    stretches    of   barren  desert.      Th^ 
remarkable  breccias  of  the  Permian,  the  Pebble  Beds  of  the  Trias,  the  false 
bedded  sands  of  the  Bunter,  the  gypsum  and  brine  beds  of  the  Keuper,  am 
the  buried  hills  swathed  in  the  red  sandstone  and  marls  are  all  incidents  i 
one  connected  story,  in  which  even  the  most  diverse  views  with  respect 
the  proper  interpretation  of  the  visible  phenomena  are  not  only  of  interest  ai 
of  value,  but  may  each  and  all  contain  a  certain  amount  of  truth. 

Post-Triassic  Formations. 

As  none  of  the  formations  of  the  district  of  later  date  than  thi^^^^^e 
Keuper  Marls  will  be  visited  by  the  Geologists'  Association  in 

1898,  these  formations,  although  they  cover  collectively  a  largss^^^^*^ 
proportion  of  the  southern  and  eastern  parts  of  the  district,  m_    —\  -^y 
here  be  dismissed  in  a  very  few  words. 
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The  Rfuetic  strata  of  the  Birmingham  District  are  everywhere 
present  at  the  base  of  the  Lias,  and  appear  to  be  more  closely 
allied  petrographically  to  the  strata  of  that  overlying  formation 
than  to  those  of  the  underlying  formation  of  the  Keuper  Marls. 
They  are  nowhere  as  much  as  50  ft.  in  thickness.  They  are 
v^ery  rarely  exposed,  and  the  sections  are  usually  very  indifferent ; 
perhaps  the  best  is  that  afforded  by  the  railway  cutting  at  Harbury, 
^here  the  local  White  Lias  is  seen,  and  there  is  a  band  of 
i^ellowish  sandstone  which  has  yielded  Estheria  minuta.  Near 
iVootten  Wawen,  shelly  limestones  occur  under  the  sandstone,  and 
re  rich  in  the  usual  Rhaetic  lamellibranchs.  Rhsetic  rocks  also 
ccur  in  the  neighbourhood  of  Leicester  (Harrison).  The  nearest 
xposure  of  the  Rhaetic  Beds  to  the  City 'of  Birmingham  is  that 
irrounding  the  small  outlier  of  Lower  Lias  at  Knowle,  near 
olihull,  where  the  most  conspicuous  stratum  is  a  yellow  micaceous 
mdstone,  with  Schizodus  cloacinus  (Brodie). 

The  Loiver  Lias  forms  a  terrace-like  expanse  of  country 
bout  eight  miles  in  width,  ranging  along  the  south-east  edge  of 
le  district  from  Leicester  to  Stratford,  and  prolonged  in  three 
romontory-like  extensions  northward  into  the  Keuper  Marl  area, 
lat  which  lies  east  of  Droitwich  extending  within  a  few  miles  of 
le  town  of  Bromsgrove.  The  best  sections  of  the  Lower  Lias 
re  those  of  the  railway  cutting  north-west  of  Harbury  Station, 
nd  in  the  cement  quarries  of  that  place,  at  Rugby,  Southam,  and 
lewbold.  Fossils  are  locally  abundant,  and  are  well  known 
hrough  the  classic  researches  of  the  late  Rev.  P.  B.  Brodie. 

The  Middle  Lias^  or  Marlstone  series,  usually  gives  origin  to 
.  conspicuous  scarp  overlooking  the  low  ground  of  the  Lower 
^ias,  and  attaining  its  highest  elevation  in  the  district  at  Edge  Hill. 
>ome  of  its  strata  are  locally  quarried  for  building  stone. 

The  distribution  of  the  beds  of  the  Upper  Lias^  and  those  of 
he  Inferior  Oolite  is  given  upon  Map  No.  2  (p.  315) ;  but  they 
all  for  no  further  notice  in  this  place. 


^OTES  ON  THE  PETROLOGY  OF  THE  BIRMINGHAM 

DISTRICT. 

By  W.  W.  Watts,  M.A.,  Sec.G.S. 

The  Midland  District  will  always  be  classic  to  the  student  of 
ocks  because  it  is  the  ground  where  the  veteran  petrologist 
Mlport  began  those  investigations  which  he  carried  out  with  such 
iuccess  that  his  descriptions,  although  the  earliest  we  have, 
emain  unrivalled  to  this  day  as  models  of  brief  yet  full  and 
iccurate  delineations  of  rock-structure  and  composition.  From 
he  Wrekin  to  Charnwood,  from  Swinnerton  Park  to  Rowley,  and 
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from  pre-Cambrian  to  post-Carboniferous  rocks,  he  dealt  with 
nothing  which  he  did  not  thoroughly  investigate,  always  drawing 
important  deductions  from  his  observations,  and  always  searching 
for  new  facts  and  new  methods  to  increase  the  utility  of  the 
microscope  as  an  instrument  of  petrographic  research. 

In  the  few  notes  which  follow  I  propose  to  give  a  short 
summary  of  the  work  of  Allport,  Waller,  Rutley,  and  Teall,* 
adding  here  and  there  a  few  points  which  have  come  out  from 
my  own  microscopic  observations,  founded  on  specimens  collected 
by  Professor  Lapworth  or  myself,  or  by  Mr.  Walcot  Gibson  when 
he  was  re-surveying  the  Lickey  Hills  for  the  Geological  Survey. 
I  have  also  had  the  advantage  of  confirming  many  of  Allport's 
conclusions  from  the  study  of  a  set  of  his  own  slides  now  in 
the  possession  of  Professor  Lapworth.  It  will  be  most  con- 
venient to  take  the  rocks  in  topographical  order,  and  to  deal  with 
the  three  chief  areas  of  Nuneaton,  the  Lickey,  and  the  South 
Staffordshire  Coalfield. 


The  Nuneaton  District, 
(a)    The  Caldecote  Rocks  (Pre-Cambrian). 

1.  TAe  Tiiffs. — The  composition  of  the  rocks  seen  in  the 
Tunnel  near  Caldecote  Hill  House  and  the  old  road  above  the 
'^ Anchor"  Inn  is  andesitic  according  to  Mr.  Rutley,  and 
basaltic  according  to  Mr.  Waller.  The  constituent  lapilli  are 
much  decomposed,  but  on  the  whole  I  incline  to  the  opinion 
that  the  contributing  rocks  were  rather  basic  than  intermediate, 
although  neither  olivine  nor  its  pseudomorphs  have  yet  been 
described  in  them.  Quartz  is  not  common,  the  dominant  felspar 
is  plagioclase,  iron  oxide  is  abundant,  and  the  amount  of  chlorite 
indicates  that  a  good  deal  of  augite  must  have  once  been  present 
in  the  magma  from  which  the  lapilli  were  derived.  Mr.  Waller 
describes  lapilli  of  porphyritic  basalt,  which  seem  to  correspond 
in  composition  and  aspect  with  a  porphyritic  basalt  to  be  imme- 
diately described. 

2.  Quartz-felspar  Rock  (Quartz-felsite    of   Waller;    Quartz 
porphyry  of  Rutley). — This  appears  to  occur  rather  high  up  in 
the  Archaean  series,  as  it  is  seen  close  under  the  basement  rock 
of  the  quartzite  in  Mr.  Abel's  quarry  (Hartshill  Grange),  and  i 
also  occurs  in  the  "  Blue  Hole,"  near  Caldecote  House.     It 
very  much  the  appearance  of  a  quartz-porphyry  in  both  localiti 
but  no  one  has  yet  succeeded  in  finding  it  in  a  non-brecciate<^^ 

*  Allport,  Quart.  Journ    Geol.  Soc.,  vol.  xxx,  1874,  p.  520  ;  vol.  xxxv,  1879,  P*  3^«     .. 

Waller,  Geo/.    Ma^:,    Decade  3,    vol.  iii,   p.   322;   Midlani  Natufiuist^  vol.  vi'  .^m:     ii, 

p.  26  ,  1835. 
Rutley,  Gtol.  Mag ,  Decade  3,  vol.  iii,  p.  557. 
Teall,  British  Petrography  (Dulau),  London,  t888. 
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condition.     In  the  latter  locality  the  rock  exfoliates  into  spheres, 

many   of  them    being   very  large,   and   surrounded   by   similar 

material  in  a  rotten  condition.     This  aspect  of  the  rock  resembles 

the  spheroid-bearing  wacke  which  is  so  often  produced  by  the 

weathering  of  basalt,  and  is  so  conspicuous  a  feature  in  the  dolerite 

of  Rowley  Regis.     The  disintegrated  state  of  the  higher  parts  of 

the  rock  near  the  contact  of  the  quartzite  is  suggestive  that  much 

weathering  had  taken  place  before  the  deposition  of  the  latter 

rock,  as  this  weathered  condition  only  extends  a  few  feet  below 

the    position  of    the  basal  beds  of  the   quartzite,  sound  rock 

being  met  with  at  the  bottom   of  the  cutting.      This   state  of 

weathering  is  interesting  also  in  connexion  with  the  phenomena 

to  be  immediately  described. 

3.  The  Porphyritic  Basalt  (dark  basic  rock  of  Waller;  andesite 
of  Rutley). — This  rock  forms  a  dyke  which  traverses  the  quartz- 
felspar  rock  at  the  entrance  to  Mr.  Abel's  quarry,  while  it  also 
penetrates  the  quartz-felspar    rock    in    the    "  Blue   Hole,"  and 
appears  to   overlie  it.     The  only  porphyritic   ingredient  in  the 
slides  I  have  seen  is  plagioclase  felspar  (determined  as  labradorite 
by   Mr.   Waller)   in   well-formed  crystals  which  are   frequently 
aggregated  together  in  groups.      Mr.  Waller  has  also  detected 
occasional  crystals  of  augite.     The  ground-mass  is  like  that  of  an 
andesitic  basalt  made  up  of  plagioclase  microlites  set  amongst 
granules  of  augite  (Rutley  thinks  this  mineral  is  more  likely  to  be 
hornblende).     The  microlites  flow  in  streams   round  the  pheno- 
crysts  and  the  rock  has  a  very  characteristic  aspect.     The  grain  of 
the  ground- mass  varies  in  fineness,  and  when  at  its  coarsest  an 
exceptional  amount  of  chlorite,  sometimes  in  good-sized  patches 
which  may  be  relics  of  augite  crystals,  is  present. 

4.  Mixture  Rocks. — Microscopic  slides  cut  from  the  junction 
specimens  of  this  rock  with  the  quartz-felspar  rock,  proved  to  Mr. 
Waller  that  strings  and  threads  of  the  basalt  penetrated  between 
the  grains  of  the  quartz-felspar  rock  in  all  directions.  The  basalt 
was  the  hter  rock  and  it  forms  at  its  junction  an  intimate 
mixture  with  the  constituents  of  the  already  solidified  and 
disintegrated  quartz-felspar  rock.  When  once  this  fact  is 
recognised  it  becomes  easy  to  comprehend  the  complicated 
relationships  between  the  two  rocks  in  the  quarry  in  question. 
The  result  of  Mr.  Waller's  studies,  published  in  1886,  should  not 
be  overlooked  by  those  authors  (British  and  Foreign)  who  are  now 
working  on  the  mixtures  of  acid  and  basic  rocks. 

The  Quartz-felspar  rock  consists  of  grains  of  quartz  and 
both  orthoclase  and  plagioclase  felspar.  The  latter  are  well 
rounded,  but  there  is  no  evidence  that  the  rounding  has  been 
accomplished  in  water,  for  both  minerals  resemble  whole  or 
broken  phenocrysts  seen  commonly  in  quartz-porphyries,  and  the 
quartz  exhibits  stone  cavities  and  rounded  re-entrant  angles  as  if 
partly  re-fused  in  a  quartz-porphyry  magma  and  then  broken  up. 
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either  by  the  disintegration  and  weathering  of  a  solid  mass  of 
igneous  rock  or  by  ejection  as  fragments  to  form  a  tuff.  I  am 
inclined  to  think  the  latter  is  its  real  origin,  as  the  rock  consists 
almost  entirely  of  quartz  and  felspar  grains,  with  very  few  grains 
of  true  quartz- porphyry  or  its  ground-mass  in  it  Fragments  of  a 
genuine  igneous  quartz-porphyry,  however,  are  found  in  the 
succeeding  Cambrian  Quartzite,  perhaps  derived  from  this 
Caldecote  series,  as  will  be  seen  shortly.  The  quartz  is  slightly 
opalescent,  and  has  a  faint  bluish  tinge. 

This  disintegrated  material  was  invaded  by  the  basalt  and 
swallowed  by  it  so  that  for  some  distance  from  the  junction  its 
constituents  are  floated  in  the  minutely  microlithic  ground-mass 
of  the  basalt.  It  is,  however,  noticeable  that  the  proportion  of 
iron-ore  granules  in  the  basalt  has  considerably  diminished,  and 
its  porphyritic  crystals  appear  to  have  been  strained  out,  so  that 
they  are  rarely  present  in  the  mixture  rock  and  are  only  to  be 
found  in  the  largest  basalt  strings.  In  connexion  with  this  point 
it  is  important  that  the  porphyritic  crystals  are  more  abundant 
and  evident  along  the  junction  plane  than  elsewhere,  as  was 
pointed  out  to  me  by  Prof  Lapworih. 

The  peculiar  netted  or  honeycombed  aspect  of  the  quartz  in 
this  rock  has  been  noticed  by  Mr.  Waller  in  his  paper.*  "  I 
think  I  have  detected  a  quartz  grain  in  the  act  of  breaking  up. 
It  is  of  irregular  shape,  and  at  one  side  is  covered  with  a  network 
of  strings  of  minute  fluid  cavities  which  divide  it  into  roughly 
polygonal  portions.  As  we  pass  to  the  other  side  of  the  crystal, 
however,  these  become  lines  of  an  infiltrated  green  material,  and 
at  the  extreme  edge  a  few  of  the  polygonal  fragments  are  quite 
detached,  and  separated  from  the  main  mass  by  portions  of  the 
ill-defined  ground-mass  which  occurs  in  this  particular  specimen.'' 
This  is  fully  borne  out  by  the  slides  which  I  have  examined. 
The  network  tends  to  be  hexagonal  in  the  majority  of  instances, 
and  in  the  different  parts  of  a  single  grain  the  polygonal  pieces 
can  be  seen  to  turn  more  or  less  on  their  axes  and  eventually  to 
become  slightly  detached,  and  then  to  float  off  into  the  bsusalt 
matrix.  In  a  few  instances  the  quartz  is  traversed  by  parallel 
planes,  along  which  disintegration  begins,  and  is  completed 
by  the  formation  of  a  series  of  cross-fractures.  Whether  these 
structures  were  present  in  the  original  grain,  or  were  developed 
for  the  first  time  by  the  intrusion  of  the  basalt,  I  cannot  say,  but 
the  separation  and  brecciation  were  certainly  due  to  the  violence 
of  the  basalt  intrusion.  In  parts  of  the  rock  the  final  result  of^ 
the  action  has  been  the  complete  shattering  of  the  quartz,  whicb. 
is  then  embedded  in  very  tiny  particles  in  the  abundant  basalt:: 
magma.  The  rounded,  turbid,  felspar  granules  are  generally 
clear  and  bleached  at  their  margins. 

It  may  be  mentioned  here  that  a  precisely  similar  polygons-^ 

•  Waller,  he,  ciU^  p.  324. 
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lexagonal)  structure  is  well  seen  in  the  porphyroids  of  Peldar 
or   in  Cham  wood  Forest. 

Whether  the  basalt  in  the  Blue  Hole  is  of  the  nature  of  a 
va  or  an  intrusion  has  not  been  precisely  determined,  but  two 
>ints  are  in  favour  of  the  latter  interpretation.  A  definite  dyke 
the  rock  is  found  to  pierce  the  quartz-felspar  rock  in  the  more 
cently  opened  section  of  Mr.  Abel's  quarry,  and  the  action  of 
e  basalt  on  the  latter  rock  in  the  Blue  Hole  has  been  of  a 
olent  mechanical  character.  The  act  of  intrusion,  however, 
ems  to  have  been  deliberate,  for  the  basaltic  matrix  contains 
^ll-defined  patches  of  a  substance  indistinguishable  from  itself ; 
w^ould  seem  from  this  that  the  basalt  may  have  solidified  in 
aces,  and  then  been  broken  up  and  involved  with  the  quartz  and 
lsj>ar  fragments  in  later  injections  of  identical  material. 

(b)    The    Cambrian     Rocks. 

5.  The  Quartzites. — The  basement  beds  of  the  Hartshill 
)uartzite  are  of  great  interest  from  the  fact  that,  for  a  con- 
fderable  thickness,  they  contain  abundant  fragments,  varying 
rom  a  pin's  head  to  a  pea  in  size,  derived  from  the  underlying 
!^aldecote  Rocks.  But  certain  bands  are  conglomeratic,  and 
lonsist  of  pebbles  ranging  (rom  those  not  larger  than  a  sparrow's 
^g  up  to  boulders  3  ft.  in  length.  These  are  generally 
;ub-angular,  and  most  of  the  known  varieties  of  the  Caldecote 
R.ocks  have  been  recognised  in  them,  as  well  as  several  other 
varieties  of  rocks  not  at  present  known  from  that  series. 

Quartz  grains  are  always  plentiful,  and  they  are  generally 
rounded.  Many  of  them  show  the  polygonal  network  or  parallel 
::racks  and  various  stages  of  brecciation.  It  is,  however,  clear, 
I  hat  the  brecciation  and  re-cementation  have  been  accomplished 
previously  to  the  rounding  and  embedding  of  the  grains  in  the 
Quartzite,  thus  giving  additional  support  to  the  suggestion 
that  they  may  have  been  derived  from  the  quartz-felspar 
rocks  which  underly  them.  When  a  sufficient  number  of 
clean  quartz  grains  occur  in  close  proximity,  secondary  growth 
of  silica  in  optical  continuity  has  taken  place,  similar  to 
that  in  the  quartzite  beds  above  and  below.  Rounded  felspars 
and  grains  of  felsitic  rock  are  especially  common  in  the  lower 
bands,  and  in  one  specimen  there  are  several  grains  of  quartz- 
porphyry  containing  phenocrysts  of  quartz,  which,  though 
rounded,  never  show  the  polygonal  network,  parallel  structure, 
or  brecciation.  Chips  of  basic  rock  are  also  present  in  these 
fine- grained  rocks,  but  it  is  not  possible  to  say  with  any  certainty 
that  they  correspond  with  the  basalt  of  the  Blue  Hole. 

The  boulder  beds  of  the  Quartzite  yield  abundant  fragments 
of  a  quartz-felspar  rock  macroscopically  indistinguishable  from 
that  of  the  Blue  Hole.    Fragments  of  fine  and  coarse  tuff  are  also 

August,  1898.]  30 
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common,  and  one  fragment,  which  was  examined  microscopical] 
corresponds  very  well  with  that  described  from  the  Caldeco 
series  by  Mr.  Waller.*  It  contains  abundant  felspar  in  an  alten 
state,  a  few  quartz  fragments,  lapilli  of  quartz-felsite,  and  many  lapi 
composed  of  a  green  rock  apparently  basic  or  intermediate 
composition.  Another  fragment  consists  of  much  decompos< 
porphyritic  basalt.  The  porphyritic  felspars  are  similar  to  tho 
in  the  basalt  of  the  Blue  Hole  and  of  the  dyke  in  Mr.  Abe 
quarry,  and  they  are  similarly  grouped.  Although  the  groun 
mass  is  obscured  by  decomposition  it  is  a  marked  "mikr 
lithenfilz,"  like  that  of  the  dyke  in  the  Archaean  rocks.  Tl 
main  difference  from  the  Archaean  specimens  that  I  ha^ 
hitherto  studied  is  that  it  contains  rather  a  larger  proportion 
chlorite  and  delessite  pseudomorphs  after  augite,  but  in  th 
character  it  comes  rather  nearer  to  the  dyke  in  Mr.  AbeFs  quar 
than  to  the  rock  of  the  Blue  Hole. 

The  higher  beds  of  the  Quartzite  were  described  by  M 
Rutley.  The  growth  of  new  silica  appears  to  have  occurrc 
freely  thoughout  the  rock,  especially  in  its  purer  portions,  thi 
probably  accounting  for  the  high  crushing  strength  of  the  roc! 
Grains  of  glauconite  are  frequently  to  be  seen  in  the  higher  bed 
particularly  in  those  associated  with  the  Hyolite  Limestone. 

6.  The  Diorites. — These  rocks  have  been  so  admirab! 
described  by  Allport  and  Teall,  and  figured  by  the  latter  froi 
Allport's  original  slides,  that  there  is  not  much  to  add  to  the 
descriptions.  Porphyritic  olivine  is  frequently  present  in  unmi 
takable  crystals,  which,  however,  are  always  in  the  form  < 
pseudomorphs.  Hornblende  is  rarely  well  preserved  in  surfat 
specimens,  but  in  those  obtained  by  deep  quarrying  it 
fresh  and  brown  in  colour.  Augite  tends  to  be  a  porphyrit 
ingredient,  but  felspar  is  rarely  porphyritic,  although  the  crysta 
are  frequently  large  ;  orthoclase  as  well  as  plagioclase  is  presen 
The  order  of  crystallisation  is  not  constant.  Olivine,  whc 
present,  has  usually  crystallised  first,  followed  by  augite  when  tb; 
is  present.  In  many  varieties,  like  those  of  Marston  Jabet,  th 
hornblende  occurs  in  idiomorphic  crystals,  which  are  usual 
elongated,  and  the  long  needles  can  sometimes  be  seen  in  har 
specimens,  as  at  Tuttle  Hill.  On  the  other  hand,  at  Atherstoc 
and  Griff  Hollow  the  structure  is  ophitic,  and  plagioclase  crysta 
are  embedded  in  large  plates  of  hornblende.  (See  Teall,  op.  cr 
Plate  xxix.) 

Apatite  is  a  frequent  constituent,  and  sometimes  a  groui" 
mass  of  calcite  and  chlorite  is  present.  This  is  not  usus^ 
abundant,  and  the  rocks  have  frequently  the  idiomorphic  texts, 
of  the  lamprophyres.  Indeed,  the  association  of  the  miners 
the  frequent  substitution  of  augite  for  hornblende,  the  comnn 
idiomorphism  of  the  latter  mineral,  the  infrequence  of  porphyry 

*  L0C.  cit.,  p.  323. 
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5{>ar9  the  entire  absence  of  quartz,  and  the  somewhat  basic 
[iiposition  of  the  rocks,  all  coincide  in  suggesting  that  a  group 
rocks  which  here  and  elsewhere  occurs  so  exclusively  in  normal 
i  sill-like  dykes  should  be  placed  in  the  dyke-rock  family, 
led  by  Rosenbusch  Lampropkyres.  If  this  suggestion  were 
Dpted,  the  rocks  would  be  appropriately  called  hornblendic, 
51  tic,  or  oli vine-bearing  campionites.  The  occurrence  oi 
vine  in  rocks  of  this  class  is  not  common,  and  the  entire 
sence  of  mica  in  the  area  is  deserving  of  remark. 
Two  varieties  of  these  rocks  are  deserving  of  special  attention. 
Chilvers  Coton  it  is  noted  by  Allport  and  by  Rutley  that  felspar 
comes  scarcer  than  usual,  and  the  first  observer  describes  a 
riety  which  consists  mainly  of  hornblende.  One  of  AUport's 
ecimens  from  Griff  Hollow  is  becoming  patchy,  being  made  in 
ices  of  hornblende  with  few  felspars  embedded  in  it,  and  in 
ner  places  of  crowded  felspars.  Associated  with  the  horn- 
*nde  there  is  a  colourless  tremolite.  This  patchy  character 
comes  extreme  at  Chilvers  Coton  railway  cutting,  as  mentioned 
•  Allport.  A  specimen  collected  by  myself  from  this  locality 
veral  years  ago  is  practically  a  hornblende-picrite^  consisting 
most  wholly  of  brown  hornblende  and  colourless  tremolite, 
e  latter  possibly  pseudo-morphic  after  olivine. 

A  very  peculiar  variety  of  the  Diorite,  forming  dykes  or  sills 
foot  or  so  thick,  has  been  discovered  by  Professor  Lapworth 
jnetrating  the  basal  Quartzites  in  Mr.  Trye's  quarry  (the  Anchor 
uarry) ;  the  variety  has  been  named  by  him  anchorite  as  a  con- 
silient field  term.  The  rock  looks  and  breaks  like  a  conglo- 
erate  in  which  rounded  masses  of  a  purple  diorite  or  melaphyre 
e  embedded  in  a  white  matrix.  On  microscopic  examination 
le  "  pebbles "  prove  to  be  spheroids  of  diorite,  in  which  there 

abundance  of  idiomorphic  hornblende  much  decomposed, 
hese  spheroids  are  embedded  in  fine-grained  veins  which 
insist  chiefly  of  felspar,  some  being  certainly  orthoclase ; 
^sociated  with  this  is  a  highly  refractive  mineral  with  low 
irefringence  which  appears  to  be  zoisite.  A  little  iron-ore  is  also 
resent  in  the  veins,  together  with  a  small  amount  of  interstitial 
tatter  in  which  very  narrow,  long,  microlites  of  felspar  occur, 
learly  the  rock  is  of  igneous  origin,  and  is  an  abnormal  combi- 
ation  of  spheroids  and  contemporaneous  veins  resulting  from 
jgregation  of  the  magma  into  basic  clots  and  acid  veins. 

The  rock-type  represented  by  the  Nuneaton  Diorites  is  a 
idely  disseminated  one.  Whenever  Stockingford  Shales  have 
een  penetrated  by  deep  borings,  they  are  found  to  be  pierced 
y  sills  of  this  rock.  A  similar  rock  is  intrusive  in  the  Archaean 
)cks  of  the  Lickey,  in  the  Shineton  Shales  of  the  Wrekin,  in  the 
xrks  of  the  Longmynd  itself,  and  its  northern  continuation  at 
ayston  Hill,  near  Shrewsbury,  and  they  are  known  to  pierce 
le  Cambrian  rocks  in  other  localities.      Similar  rocks  are  intni- 
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sive  in  the  Cambrian  Quartzites  and  Limestone  of  Inchnadamff,* 
and  a  hornblende- picrite  like  that  of  Chilvers  Coton  occurs 
amongst  the  Bray  Head  Rocks,  at  Greystones,t  in  Ireland.  In 
none  of  these  localities  are  the  rocks  known  to  penetrate  any 
formation  of  later  than  Cambrian  age. 

The  Lickey  Hills. 

The  Lickey  Quartzite  has  been  figured  by  TeallJ  and 
described  by  several  authors,  but  so  far  as  I  am  aware  the  only 
petrological  description  of  the  underlying  Barnt  Green  Rocks 
hitherto  published  is  contained  in  the  Summary  of  Progress 
of  the  Geological  Survey  for  1897,  just  published.  From  the 
brief  description  of  the  rocks  founded  on  my  own  notes  and 
published  therein,  I  extract  a  few  notes  by  permission  of  Sir 
Archibald  Geikie.  The  specimens  were  collected  by  Mr.  Walcot 
Gibson  during  his  re-survey  of  the  area,  and  such  field  notes  as 
occur  in  what  follows  are  due  to  him,  and,  as  will  be  seen  by 
comparison  with  the  notes  on  pp.  328-330,  the  microscopic 
observations  agree  with  the  conclusions  drawn  by  Prof.  Lapworth 
some  years  ago  from  the  field  evidence. 

I.  The   Barnt  Green  Rocks, — These  are  chiefly  pyroclastic 
rocks  though  some  of  them  consist  of  pyroclastic  material  which 
has  been  deposited  in  water.     §  "The  pyroclastic  rocks  are  mostly 
tuffs  made  out  of  fragmental  felspars,  amongst  which  orthoclase 
predominates  over  plagioclase ;  there  are  also  fragments  of  an 
orthophyre-like   rock.     Quartz  fragments  are  practically  absent  ,:^ 
from  the  typical  tuffs,  but  when  the  felspars  begin  to  be  roll 
and  rounded  as  well  as  broken,  and  the  tuff  has  evidently  bee 
laid  down  in  water,  a  little  quartz  is  generally  present     On 
example,  which  may  be  called  a  volcanic  grit,  such  as  may  ha 
resulted  from  the  wearing  down  of  lavas  and  tuffs,"  or  from  th 
dropping  of  the  material  of  orthophyre-tuff  in  water,  "  contai 
more  grains  of  ferro-magnesian  minerals  as  well  as  particles 
orthophyre  and  orthophyre-tuff.      The  ground  mass  of  all  th 
rocks  appears  to  have  undergone  silicification.      Many  of  tt-me 
rocks  have  been  shattered,"  by  earth  movement,  "  and  filled  wi  '^h 
veins  of  calcite  and  quartz."     One  of  the  rocks,  rather  mone 
massive  than  the  rest,  has  somewhat  the  appearance  of  an  intrusi-ve 
mass  in  the  field,  but  "  the  microscopic  character  of  the  rock,  wlii/e 
not  disproving  this  supposition,  lends  it  no  additional  support; 
for  the  rock  does  not  differ  in  any  marked  degree  from  those 
described  as  orthophyre-tuffs,  except  that  it  is  finer-grained,  waA 
the  large  and  obviously  clastic  felspars  are  absent     A  dark 
purplish-blue  shale  from    this  group    is    well    laminated,  and 

*  Teall,  Gtol.  Mag,^  Dec.  3,  vol.  iii,  x886,  p.  346W 

♦  Watts,  Rtp,  Brit,  v^moc.,  1893,  p.  767. 
1  "  British  Petrography,"  Plates  xlv  and  xlvi. 
h  Op.  cit.,  p.  68. 
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contains    angular   grains    of   quartz,   felspar,  and    white    mica 

embedded  in  an  opaque  ground-mass.      A  set  of  plagioclase- 

bearing  igneous  rocks  penetrates  the  Bamt  Green  Group.     The 

only  original  minerals   left  are  plagioclase  and   iron  ores,  the 

former   are    arranged    as  in    an   ophitic    rock ;  the   secondary 

minerals,  chlorite,  serpentine,  and  epidote,  do  not  make  it  clear 

whether  the  original  ferro-magnesian  mineral  was  hornblende  or 

augite,  but  the  general  likeness  in  structure  and  appearance,  to  the 

diorites  [camptonites]  of  Nuneaton,  suggest  that  the  rocks  should 

be  classed  with  the  diorites.     They  have  not  yet  been  found  to 

penetrate  the  quartzites.     Another  igneous  rock   is  a  brecciated 

porphyritic  basalt,  which  may  be  an  intrusion  or  a  lava-flow,  but 

the  field  evidence  does  not  appear  to  be  sufficient  to  decide  the 

cquestion."    This  last  rock  is  somewhat  like  the  porphyritic  basalt 

>9vhich  occurs  in  the  "Blue  Hole"  at  Caldecote. 

2.   The  Quartziie, — "The  main  constituent  is  quartz  in  rolled 
grains,  round  which  new  quartz  has  been  deposited  in  optical 
continuity,  so  that  the  constituents  of  the  rock  are  now  closely 
interlocked.     Many  of  the  varieties  are  rich  in  grains  of  felspar, 
and  a  few  grains  of  glauconite  are  to  be  found  in  most  of  them. 
This  last  fact  is  suggestive,  when  it  is  remembered  that  the  Holly- 
bush  Sandstone  (Comley  Sandstone),  which  in  Shropshire  overlies 
the  [Cambrian]  quartzite,  is  rich  in  grains  of  glauconite.     Traces 
of  .bedding  are  generally  to  be  seen  [even  in  microscopic  slides], 
«uid  there  is  no  evidence  of  crushing  in  the  mass  of  the  rock, 
^though   the  slicken-sided  surface  of  some  of  the  joint-planes 
indicates  that  considerable  movement  must  have  taken  place." 
The  secondary  silicification  of  the  rock  reaches  its  highest  degree 
ivhere  the  movement  has  been  considerable,  and  it  is  from  such 
localities  that   the   specimens  of  quartzite  usually  figured  and 
described  from  the  area  have  been  taken. 

The  Dolerites  and  Basalts  of  the  South 
Staffordshire  Coalfield. 

In  very  numerous  localities  in  England,  Ireland,  and  Scotland 
there  occur  intrusive  basic  rocks  of  later  date  than  the  greater 
part  of  the  Coal  Measures,  and  the  South  Staffordshire  Coalfield 
is  no  exception.  Intrusive  sills  are  found  throughout  the  field, 
and  in  those  places  where  the  sills  are  thick  and  massive  the  rock 
becomes  coarser-grained.  Rowley  Regis  is  the  largest  mass  of 
dolerite  in  the  Coalfield,  and  it  is  a  laccolite  intruded  into  the 
southward  continuation  of  the  Dudley  anticline.  The  cover  has 
been  entirely  removed,  and  the  mass  is  now  only  in  contact  with 
its  sole.  Other  large  masses  appear  at  the  surface  at  Barrow  Hill 
and  at  Pouk  Hill,  near  Walsall.  The  sills  occupy  a  good  deal  of 
the  surface  of  the  ground  near  VVednesfield.     These  rocks  formed 


39^  W.  W.  WATTS  ON  THE 

a  portion  of  the  subject  of  Allport's  memoir   on   the    British 
Carboniferous  Dolerites. 

Porphyritic  olivine  is  almost  invariably  a  constituent  of  the 
rocks ;  it  is  frequently  quite  fresh,  but  in  surface  specimens  it  is 
often  converted  into  pseudomorphs  of  serpentine,  calcite,  or 
zeolite,  with  or  without  specular  iron.  The  original  discovery  of 
the  nature  of  these  changes  by  All  port  has  had  a  wide-reaching 
effect  on  our  knowledge  of  the  serpentine  rocks.  Augite  is  a  still 
more  abundant  constituent ;  it  is  generally  coloured,  pale  brown, 
yellowish,  puce-purple,  warm-brown,  or  green  tinged,  and  is 
frequently  slightly  pleochroic.  Indeed,  it  is  the  variety  of  augite 
supposed  to  be  titaniferous,  a  supposition  which,  I  believe,  has 
never  been  verified.  Plagioclase  felspar  is  very  abundant,  and 
orthoclase  occurs  sparingly  in  many  varieties.  Magnetite  and 
ilmenite  are  both  of  common  occurrence,  and  in  the  coarser 
varieties  apatite  occurs.  Hornblende  is  of  rather  rare  occurrence. 
In  most  varieties,  but  especially  in  the  coarser  types,  interstitial 
zeolites  are  to  be  found,  and  in  some  examples  there  are  not 
less  than  three  distinct  zeolites,  of  which  analcime  app>ears  to 
be  one. 

The  structure  is  very  variable.     At  Pouk  Hill  the  rock  is 
ophitic,  but  patchy,  and  there  would  not  appear  to  have  been  any 
very  considerable  interval  between  the  crystallisation  of  the  felspar 
and   that  of  the   augite.       At   Rowley   microporphyritic  rocks 
are    common,    plagioclase,    orthoclase,    and    olivine    occur    as 
phenocrysts  in  a  ground-mass  composed  of  idiomorphic,  rod-like, 
augite,   and    crystalline   magnetite,   embedded   in   felspar.      At. 
Hailstone    Hill,   part  of    the   Rowley  mass,   a  very   beautiful,, 
coarse-grained  rock  is   occasionally    met    with  which   at  onc( 
attracts  attention  from  the  large  six-sided  plates  of  ilmenite  fount 
in  it.     The  felspars  are  large  and  well-formed,  and  often  include 
small  augites,  while  larger  crystals  of  augite,  well-formed    an( 
idiomorphic,  are  frequently  found  outside  them,  and  embedded^     1, 
like    them,  in  interstitial   matter.     Olivine  is   present,   and  th-^ 
plates   of  ilmenite  appear  in   the  slides  as   rods  or   blotche^s- 
Apatite  is  usually  abundant.     While  the  order  of  crystallisatio" 
in  the  Rowley  Rag  is  generally  the  reverse  of  that  usually  foun 
in  dolerites,  Allport  found  specimens  in  which  the  relationship 
augite  and  felspar  was  that  of  a  micropegmatite  (or  a  variety 
centric  structure),  the  two  substances  crystallising  simultaneous' 
so  that  large  areas  of  each  polarise  together.     Allport  also  df 
covered  and  briefly  described  a  set  of  remarkable  red  contempi^^o- 
raneous  veins  from  Hailstone  Hill,  which  were  subsequently  mo^  ^e 
fully  dealt  with  by  Waller.*     These  consist  chiefly  of  orthoctak.-^ 
felspar,  as  shown  by  the  twinning  and  the  refractive  index,  wmtb 
sparingly  distributed  green  augite  and  magnetite,  set  in  int^r- 

*  Midiattd  Naturalist,  vol.  viii,  1885,  P*  >6i* 
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s^ftial  matter  in  which  Waller  recognised  colourless  glass.  A 
t>rown  fibrous  zeolite  also  occurs  interstitially,  and  to  this  the 
crolour  of  the  veins  is  apparently  due.  Mr.  Waller's  analysis  of 
the  veins  shows  that  they  contain  58*3  pei\cent.  of  silica,  5*9 
of  potash,  and  5*2  of  soda,  as  against  48*8,  1*9,  and  37  respec- 
tively in  the  normal  rock.  The  veins  have  a  specific  gravity  of 
^'S^»  while  the  normal  rock  gave  Mr.  Waller  a  specific  gravity  of 
3*79.  A  specimen  tested  by  myself  gave  276  for  the  normal 
x"ock,  and  278  for  the  coarse  ilmenite-bearing  rock  previously 
ciescribed. 

In  an  old  quarry  near  the  north-east  side  of  the  mass  a  very 
l>eautiful  columnar  structure  is  revealed,  and  in  one  of  the  great 
excavations  at  Rowley  itself  the  columns  are  singularly  starch- 
like, although  of  very  large  size.      Spheroidal  structure  is  very 
common,   the  spheroids  being  enclosed  between  more  or  less 
rectangular  joints  in  the  same  fashion  as  is  seen  in  perlitic  texture. 
An  excellent  example,  which  Prof.  Bonney  has  made  classical,  is 
figured  by  him  from  Turner's  Pit,  and  the  original  of  his  drawing 
appears  to  be  still  visible,*    The  weathering  of  the  basalt  has 
already  been  remarked  on,  and  it  extends  deep  into  the  mass, 
reducing  it  to  a  sandy-looking  product,  in  which  are  embedded 
the  more  durable  of  the  spheroids,  the  outer  layers  of  which, 
when  partly  rotted,  form  shaly-looking  "  brows  "  round  the  augen- 
like  spheroids. 

The  smaller  sills  are  of  finer-grained  basalt,  known  as  green 
rock  by  the  coal-miners,  which  passes  readily  into  white  trap  near 
the  contact  with  coal-seams. 

All  these  rocks  in  South  Staffordshire  and  similar  rocks  at 
the  Titterstone  Clee  in  Shropshire,  in  Leicestershire,  and  else- 
where, are  intrusive  into  the  upper  Coal-measures,  and  so  cannot 
be  of  earlier  date  than  very  late  Carboniferous.  A  very  similar 
rock  was  described  by  Allport,  at  Swinnerton  Park,  near  Trent- 
ham,  in  North  Staffordshire,  and  Kirkbyt  has  shown  that  it  is  a 
dyke  intrusive  into  the  Trias.  If  all  these  rocks  are  of  the  same 
age,  the  date  of  intrusion  must  be  post-Triassic. 

But  Jukes,  in  his  Survey  Memoir  on  the  South  Staffordshire 
Coalfield^  points  out  that  the  Rowley  mass  partakes  in  the  move- 
ments which  have  affected  the  Coalfield,  thus  placing  an  upper 
limit  to  the  age  of  the  intrusion  if  the  date  of  the  movement 
can  be  ascertained. 

A  comparison  of  the  dolerites  with  the  well-known  Tertiary 
lavas  of  Antrim,  and  with  the  abundant  Tertiary  dolerite  dykes 
which  occur  all  over  the  North  of  Ireland,  in  Scotland,  the  Isle 
of  Man,  and  elsewhere,  shows  that  there  are  many  features  in 
common  between  the  two  types.  The  character,  colour,  and 
pleochroism  of  the  augite,  and  the  inconstant  relation  of  the  two 

•  Bonney,  Quart.  Joum.  Geol,  Soc.^  vol.  xxxii,  1876,  p.  151. 

t  Kirkby,  Tranx,  N.  Staffs.  Sat.  Field  Club,  vol.  xxviii,  1894,  p.  129. 
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chief  constituents  are  characters  linking  the  two  types,  while  the 
freshness  of  many  of  the  minerals,  and  especially  of  the  olivine, 
gives  the  rock  a  very  new  aspect.  It  would  be  scarcely  possible 
for  a  petrologist  to  discriminate  the  coarse  varieties  of  rock  seen 
at  Hailstone  Hill  from  that  of  Killala  Bay,  in  Sligo,  on  the  one 
hand,  or  from  the  coarse  dolerites  of  Portrush  and  Fair  Head  on 
the  other.*  Again  the  finer  grained  dolerite  lavas  of  the  Giant's 
Causeway,  and  the  Tertiary  dykes  of  Lisnaskea  and  elsewhere  in 
Ireland  would  be  very  difficult  to  distinguish  from  the  normal 
rocks  of  Pouk  Hill  and  Rowley. 

When  we  recollect  that  some  of  the  faults  which  bound  the 
South  Stafifordshire  Coalfield  traverse  Jurassic  rocks,  one  is 
tempted  to  ask  whether  it  may  not  be  possible  that  those  move- 
ments which  post-date  the  Rowley  Rag  in  the  South  Stafford- 
shire Coalfield  are  in  reality  of  Tertiary  date.  If  not,  the 
similarity  of  pre-Tertiary  and  post-Tertiary  volcanic  rocks  is 
closer  even  than  All  port  suspected,  when  he  was  struggling  for 
a  recognition  of  the  identity  of  the  rocks  of  these  different  ages. 
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THE    ANCIENT    GLACIERS    OF    THE    MIDLAND 

COUNTIES  OF  ENGLAND. 

By  W.  Jerome  Harrison,  F.G.S. 

As  far  as  their  glacial  phenomena  are  concerned,  the  Midlan 
Counties  offer  to  the  geologist  one  of  the  most  interesting  an 
important  fields  of  research  in  the  British  Isles.     And  this  fa 
three  main  reasons  : 

(i)  Three  great  glaciers  met  here. 

(2)  The  district  contains  examples  of  the  terminal  and  later; 
moraines,  and  also  of  the  "  fringe  "f  of  these  glaciers. 

(3)  But  little  detailed  work  has  as  yet  been  done  in  mappi 
out  the  precise  courses  and  limits  of  the  great  streams  of  ice 
which  the  district  was  formerly  invaded. 

No  Submergence. 

It   may   be   said  at  once  that  there  is  no  evidence  in  tHHKe 
Midlands  of  any  great  depression  since  the  close  of  the  Meso2<^_>/c 
Era.     The  so-called  **  sea  cliffs,"  "  coast  lines,"  etc,  can  be  shom^  ^td 
to   be  but  the  ordinary   results  of  sub-aerial  denudation; 
finely-stratified,  often  false-bedded,  gravels,  sands,  and  loams 
the  surface  deposits  are  for  the  most  part  the  results  of  the 
glacial,  englacial,  and  supra-glacial  drainage-systems  of  the  glacis's: 
Some  loams  were  deposited  in  ice-dammed  glacial  lakes,  wbi/e 

*  Guide  to  the  Collections  of  Rocks y  etc^  belonging  io  the  Geological  Survey  ^ IreMmMd. 
Dublin,  1805,  pp.  51  and  78. 

^  t  I  apply  the  term  '*  fringe  "  to  the  dubious  region  which  lay  just  at  or  in  firont  of  t6e 
original  margin  of  the  ice.  It  is  usually  occupied  by  gravels  and  sands,  the  results  of  tfte 
melting  of  the  ice.  The  glacier-ice  sometimes  made  temporary  excursions  into  the  "friiV*" 
in  some  regions,  but  it  was  never  permanently  glaciated. 
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^^ensive  sheets  of  gravel  were  formed  along  the  "fringe,"  especially 
^t  the  time  of  the  final  disappearance  of  the  ice.  The  broken  and 
:tfragmeDtary  sea-shells  which  have  been  found  in  some  sections  never 
lived  where  they  now  occur,  but  were  scraped  off  the  bottom  of 
^he  Irish  Sea  by  the  advancing  ice. 

Of  the  earlier  deposits  formed  by  the  old  rivers,  which  appear 
to  have  crossed  the  Midlands  from  west  to  east  during  Tertiary 
times,  only  scanty  traces  remain.  They  were  largely  interfered 
with,  and  destroyed  or  covered  up  by  the  action  of  the 
glaciers. 

Local  Ice. 

During  the  Glacial  Period  several  of  the  Midland  hills — such 
as  Chamwood  Forest,  the  Rowley  Hills,  the  Hartshill  Range,  etc. — 
appear  to  have  been  permanently  capped  by  ice.  This  ice  enabled 
them  to  more  or  less  successfully  resist  the  invasion  of  foreign  ice, 
which  consequently  glided  round  them.  The  result  is  that  we  find 
little  or  no  foreign  drift  upon  the  summits  of  these  hills,  although 
each  such  elevation  has  a  stream  or  tail  of  boulders,  which  can  be 
traced  proceeding  from  it  to  the  southward.  And  the  upper 
portion  of  the  glacial  ice — by  which  alone  these  hill  tops  would  in 
any  case  be  traversed — would  be  comparatively  "  clean  "  ice,  con- 
taining but  little  debris. 

The  Three  Great  Glaciers  which  Invaded 

THE   Midlands. 

There  is  clear  evidence  of  the  entrance  of  "rivers  of  ice" 
(glaciers)  into  the  Midlands  from  at  least  three  external  sources. 
These  glaciers  may  be  named  : 

(i.)  The  Arenig  Glacier, 
'ii.)  The  Irish  Sea  Glacier, 
jii.)  The  North  Sea  Glacier. 

I.  The  Arenig  Glacier. — The  Arenig  Hills  of  North  Wales 

lie  south-east  of  Snowdon,  and  attain  a  height  of  2,817  f^-     They 

are  very  favourably  placed  to  arrest  the  south-west  winds,  and 

the  precipitation  of  snow  upon  them  during  the  Glacial  Period 

must  have  been  enormous.     There  is  the  clearest  evidence  that  a 

glacier  descended  eastward  from  the  Arenigs,  passing  down  the 

Vale  of  Llangollen  and  debouching  into  the  Shropshire  plain  near 

Ruabon,  Overton,  and  EUesmere.     Great  moraine  heaps  occur 

here.     The  Welsh  ice  then  pursued  a  south-easterly  course  across 

Shropshire  and  Staffordshire,  and    terminated  its  career  in  the 

tract   of  country   lying   between    Bromsgrove  and  Birmingham, 

some   of  its    boulders   (felspathic   Arenig    ashes    and    felsites) 

occurring  on  the  top  of  Romsley  Hill  (one  of  the  Clent  Hills,  in 

North  Worcestershire)  at  the  remarkable  elevation  of  897  ft. 

This  Arenig  Glacier  presents  several  remarkable  features,  and 
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appears  to  have  retained  the  characteristics  of  a  true  "  Alpine  "- 
type  glacier  throughout  its  course.  It  did  not  follow  what  might 
have  been  thought  its  normal  course  on  emerging  from  the  Vale 
of  Llangollen,  either  along  the  present  Dee  Valley  to  the  north, 
or  the  Severn  Valley  to  the  south.  The  former  was  blocked  by 
the  Irish  Sea  ice ;  while  Welsh  ice  from  Plinlimmon,  the 
Malverns,  etc.,  occupied  much  of  the  Severn  Valley  to  the  south. 

The  Welsh  ice  had,  as  we  know  from  many  sections  on 
the  coast  of  North  Wales,  attained  a  considerable  extension  before 
the  arrival  in  its  district  of  the  Irish  Sea  Glacier.  It  is  thus 
probable  that  the  Arenig  Glacier  was  the  first  of  the  three  great 
glaciers  mentioned  above  to  enter  the  Midlands.  But  it  is 
doubtful  if  it  would  have  obtained  the  extension  which  it  actually 
did  (the  distance  from  Bromsgrove  to  the  Arenigs  is  about  loo 
miles),  or  if  its  boulders  would  have  attained  the  remarkable 
height  on  the  Clent  Hills  of  897  ft.  had  it  not  been  for  the 
extraneous  impelling  force  which  its  ice  received  from  the  ice  of 
the  Irish  Sea  Glacier,  which  must  have  united  with  the  Welsh 
Arenig  ice  and  forced  it  onward  and  forward. 

Welsh  boulders  (often  accompanied  by  basalt  boulders  from 
the  Rowley  Hills)  occur  along  a  line  about  15  or  20  miles  in  length, 
extending  from  the  south-west  of  Bromsgrove  to  the  north-east 
of  Birmingham.  But  this  indicates  a  comparatively  small  amount 
of  *'  fanningout  '^  as  compared  with  the  length  of  this  glacier. 

A  fine  Arenig  boulder  lies  in  Cannon-Hill  Park,  Birmingham, 
close  to  the  spot  from  which  it  was  dug  out  (Fig.  12).  During  the 
excursion  to  the  Lickey  Hills  several  Arenig  boulders  will  be 
noted  near  Rubery,  and  a  fine  group  of  similar  boulders  lies 
close  by  upon  till  capping  Frankley  Lower  Hill.  At  this 
point  is  the  section  which  revolutionised  the  ideas  of  the  late 
Prof.  Carvill  Lewis,  when  he  visited  it  not  long  before  his  death. 

There  is  also  a  classical  section  of  the  till,  gravels,  etc.,  of  the 
Arenig  Glacier  exposed  in  the  brickyards  at  California,  a  spot  about 
four  miles  south-west  of  Birmingham.  And  the  railway  cutting 
at  Moseley  (a  southern  suburb  of  Birmingham)  shows  a  magnifi- 
cent section  of  false-bedded  sands  and  gravels,  80  ft.  in  thickness, 
constituting  an  esker  and  probably  marking  an  important  point 
of  discharge  of  the  waters  draining  the  glaciers  which  lay  to  the 
north-west  (PI.  XII.  Fig.  2). 

The  railway  cuttings  excavated  in  recent  years  at  Soho,  King's 
Norton,  etc.,  near  Birmingham,  have  revealed  extensive  sections 
of  boulder-clays  containing  Welsh  rocks.  But  in  no  case  has  any 
trace— not  even  a  fragment — of  a  shell  been  found.  The  reason 
evidently  is,  that  the  Arenig  Glacier  did  not  cross  any  portion  oj  a 
sea  bottom  during  its  course  from  Wales  to  Birmingham.  The 
Keuper  Sandstone  at  Weoley  Castle  (near  the  California  brick- 
pits)  showed  striations  running  south-west  ;  and  the  Bunter 
Sandstone  ridge,  adjoining  Icknield  Street,  Birmingham,  bears 
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along  its  course  the  signs  of  enormous  ice  pressure  acting  from 
the  north-west,  which  has  forced  Arenig  boulders  into  the  sand- 
stone, and  torn  off  great  slices  from  it.* 

The  Rowley  Hills  (highest  point  about  890  ft.)  of  South 
Staffordshire  lie  directly  in  the  path  of  the  Arenig  Glacier. 
I  have  found  no  foreign  drift  upon  their  summits,  but  a  train 
of  basalt  boulders  can  be  traced  from  them  to  the  south  and 
east,  extending  to  the  Clent  Hills,  to  Harborne,  and  to  the 
north-western  suburbs  of  Birmingham.  Where  the  surface  soil 
on  the  Rowley  hills  has  been  removed  during  quarrying  opera- 
tions, well-striated  platforms  of  the  basalt  have  been  exposed, 
the  striations  running  from  N.W.  to  S.£.  The  general  contour 
of  these  hills  is  that  of  a  great  roche  moutonnee, 

II.  The  Irish  Sea  Glacier.  —  The  ice  from  the  South 
of  Scotland,  uniting  with  the  Lake  district  ice  and  with  ice 
from  Ireland,  advanced  southwards  during  the  Glacial  Period  until 
it  completely  filled  the  basin  of  the  Irish  Sea,  and  overrode 
the  highest  summit  (Snaefell,  2,024  ^t-)  o^  ^^^  Isle  of  Man. 
Passing  southwards,  this  great  body  of  ice  received  such  a 
stout  resistance  from  the  mountains  and  glaciers  of  North  Wales 
that  it  was  divided  into  two  great  lobes.  The  western  lobe 
passed  on  down  St.  George's  Channel,  while  the  eastern  lobe  swept 
over  Lancashire  and  Cheshire,  and  then,  invading  Shropshire, 
Staffordshire,  and  the  adjacent  counties,  came  to  its  final 
melting  point  along  a  line  which  has  not  as  yet  been  precisely 
mapped  out,  but  which  is  roughly  indicated  by  great  concen- 
trations of  boulders  at  such  points  as  Much  Wenlock,  Burton, 
Bridgnorth,  Enville,  Wolverhampton,  Bloxwich,  Cannock  Chase, 
Lichfield,  and  Rugeley. 

The  western  lateral  moraines  of  this  grand  glacier  lie  on  the 
eastern  slopes  of  the  Welsh  hills,  as  at  Hope  Mountain,  Halkin 
Mountain,  "the  Gloppa,"  etc.,  ranging  up  to  1,400  feet;  while 
its  eastern  moraines  range  up  to  a  similar  height  on  the  western 
flunks  of  the  Pennine  Range. 

The  boulders  brought  by  this  Irish  Sea  glacier  lie  in  amazing 
numbers  at  the  places  mentioned  above  in  South  Staffordshire 
and  Shropshire,  and  can  be  traced  thence  northwards  through 
Cheshire  and  Lancashire. 

Lake  district  rocks — such  as  granites  from  Buttermere, 
Eskdale,  Syning  Gill,  etc.,  with  andesites,  volcanic  ashes,  etc. — 
are  most  plentiful  (as  might  be  expected)  on  the  eastern  side  of 
the  district,  where  Mountain  limestone  and  Carboniferous  sand- 
stone boulders  also  abound ;  while  Scotch  rocks  —  Criffel 
granites,  etc. — are  commoner  on  the  west  But  there  is  much 
intercrossing  of  these  rocks,  as  might  naturally  be  expected 
when  we  consider  the  changing  conditions  which  affected  the 
growth  and  progress  of  this  Irish  Sea  Glacier. 

See  Dr.  Crosskey's  paper  in  Proc.  Birm.  Phil,  Soc.  vol.  iii,  1883,  p.  209. 
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Recent  marine  shells — usually  in  a  very  fragmentary  state — 
have  been  found  at  several  points  in  the  path  of  the  Irish  Sea 
Glacier,  as  at  Wolverhampton,  Bushbnry,  Ketley,  Lilleshall, 
Madeley,  Worcester,  etc. ;  not  to  mention  the  many  points 
at  which  such  shells  have  been  found  further  to  the  north  and 
west.  These  shells  appear  to  have  been  scraped  by  the  ice  from 
off  the  bed  of  the  Irish  Sea. 

The  tract  of  country  extending  from  Wolverhampton  by 
Trescott,  Trysull,  and  Seisdon  to  Enville,  may  be  described  as  an 
open-air  petrological  museum  on  a  grand  scale,  but  devoid  of 
arrangement !  Here  rocks  from  the  Lake  district  are  mingled  with 
the  Kirkcudbrightshire  granites  of  the  South  of  SgDtland,  while 
an  occasional  "  Welshman "  tells  that  we  are  on  the  Arenig 
"trail."  In  Wolverhampton  Park  a  grand  boulder  of  Lake 
district  (?)  andesite  over  eleven  feet  in  length  is  -Veared  up  like  a 
monolith  (Fig.  13),  while  close  by  a  fine  mass  of  grey  Criffel  granite 
bears  it  company.  To  the  north,  west,  and  south-west  of  Wolver- 
hampton the  erratics  are  to  be  numbered  by  the  thousand,  and 
some  of  them  bear  striations  which  they  probably  leceived 
while  still  in  situ^  and  before  removal  from  their  native 
places.  About  thirty  or  forty  years  ago  Mr.  Mander,  of  The 
Mount,  Tettenhall,  Wolverhampton,  preserved  many  fine  local 
erratics  from  destruction  by  removing  them  to. his  grounds,  where 
he  formed  them  into  a  "  bouldery." 

III.  The  North  Sea  Glacier.  —  This  name  seems  pre- 
ferable to  that  of  "  Scandinavian  Glacier,"  which  is  frequently 
used.  For  both  Scotland  and  the  North  of  England  contributed 
largely  to  the  mighty  mass  of  ice  of  which  this  glacier  consisted  ; 
and  there  is  also  evidence  to  show  that  at  some  period  of  its 
history  this  glacier^-or  its  southern  part — crossed  to  England, 
not  direct  from  Scandinavia,  but  by  way  of  Holland  and* 
Denmark. 

The  foreign  portion  of  the  ice  of  the  North  Sea  Glacier 
impinged  upon  the  English  coast  just  north  of  Flambro'  Head, 
and  it  filled  the  basin  of  the  North  Sea  down  to  the  mouth  of 
the  Thames.  Passing  over  the  Lincolnshire  Wolds  it  left  much 
of  its  debris  on  the  eastern  side  of  these  hills ;  but  it  took  up 
a  new  burden  from  the  chalk,  and  in  its  further  course  over 
East  Anglia  and  the  Midlands  its  characteristic  deposit  is 
known  as  the  "  Great  Chalky  Boulder-Clay." 

Crossing  the  Trent  near  Gainsborough  the  ice  pressed  up  the 
valley  of  this  river  past  Nottingham  and  Derby  to  Burton-on- 
Trent.  Here  it  came  quite  close  to  —if  not  into  actual  contact 
with — the  Irish  Sea  Glacier.  No  section  here  shows  clearly  the 
relations  of  the  respective  boulder-clays  of  the  two  glaciers,  but 
the  ice  from  the  east  appears  to  me  to  be  the  later  arrival. 

Charnwood  Forest  formed  a  buttress  which  offered  a  stout 
resistance  to  the  passage  of  this  ice  from  the  north-east.     Twenty 
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years  ago  I  described*  the  fine  section  then  exposed  on  the 
flanks  of  Mount  Sorrel,  where  the  Chalky  Boulder-Clay  lay 
upon  the  striated  and  mammillated  granite.  Pressing  down  the 
Soar  Valley  the  main  body  of  the  ice  passed  by  Leicesterf  and 
Rugby  to  Buckingham,  and  thence  its  margin  can  be  traced 
through  Hertfordshire  to  the  northern  heights  of  London 
(Finchley,  etc.),  and  eastwards  still  to  Romford  and  South  Essex. 

A  lobe  of  ice  crossed  South  Leicestershire  and  entered  the  Avon 
Valley.  The  district  immediately  to  the  south-west  of  Charnwood, 
in  N.W.  Leicestershire  and  N.  Warwickshire,  has  no  foreign  drift, 
but  it  was  surrounded  in  such  a  way  by  ice-dams  and  high 
land  that  a  considerable  lake  was  formed  in  N.W.  Leicestershire, 
extending  from  Hinckley  to  Market  Bosworth  and  Ashby-de-la 
Zouch.  [As  Bosworth  Field  stands  on  a  part  of  this  old  glacial 
lake-basin,  it  might,  perhaps,  be  called  "  Lake  Bosworth.'*]  The 
loams  of  this  lake  are  well  shown  in  the  brick-pits  at  Hinckley,  and 
lying  upon  them  are  a  few  syenite  boulders  from  the  South 
Leicestershire  Hills  (Stoney  Stanton,  etc.),  carried  by  bergs 
detached  from  the  ice-front.  The  members  of  the  Geologists' 
Association  will  have  constant  views  during  their  two  days'  work 
in  the  Nuneaton  district  of  the  area  once  occupied  by  this  old 
lake  lying  between  the  Hartshill  Range  and  the  Charnwood  Hills. 
At  Nuneaton  a  few  years  ago  the  Trias  marls  in  a  brick-pit 
exhibited  a  typical  section,  showing  the  reversal  of  the  marl- 
beds  (producing  the  typical  "  hook-form  ")  due  to  the  passage  of 
ice,  apparently  a  local  glacier  pressing  southwards  from  the  Harts- 
hill  Range. 

Conclusion. 

It  is  not  possible  to  mention  here  more  than  a  few  of  the 
principal  conclusions  to  which  I  have  been  led  during  a  study  of 
the  glacial  deposits  of  the  Midlands  during  the  past  thirty  years  ; 
and  it  is  quite  impossible  to  give  the  evidence  and  the  arguments 
by  which  these  conclusions  may  be  supported.  But  to  the  points 
mentioned  above  I  may  add  : 

(a)  The  district  affords  no  proof  of  any  "  interglacial "  period. 

(d)  The  glacial  deposits  tell  of  one  continuous  but  not  un- 
varying period  of  cold,  during  which  fluctuations  of  the  ice-front 
took  place. 

(c)  The  freshness  of  the  glacial  deposits,  and  the  small  amount 
of  denudation  to  which  they  have  been  subjected,  show  that  no 
long  period  of  time  (probably  not  more  than  10,000  years)  has 
elapsed  since  the  close  of  the  Glacial  Period. 

(if)  No  exact  divisions  of  the  drift-beds  can  be  made  out ; 
indeed  it  is  probable  that  no  two  sections  which  are  more  than  a 
few  yards  apart  ever  reveal  exactly  the  same  sequence. 

•  "  Geology  of  Leicester  and  Rutland,"  with  photographs.    J.  and  T.  Spencer,  L«»cester. 

t  When  the  railway  between  Leicester  and  Wigston  was  widened  m  1874,  a  section 
more  thS  a  quarter  of  a  mile  in  length  was  exposed,  showing  a  beautifully  striated  pavement 
of  Lias  Limestones,  covered  by  the  Chalky  Bouldcr-Clay. 
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There  is  evidence,  however,  that  at  the  bottom  of  the  drift- 
deposits  we  usually  find : 

(i)  A  bed  of — it  may  be  a  tough  reddish  or  bluish  clay 
{=  till),  or  even  a  mass  consisting  mainly  of  sand  mixed  with 
stones,  whose  compactness  is  due  to  the  passage  over  it  and 
pressure  upon  it  of  some  heavy  body  ( =  the  glacier-ice). 

Above  this  till  we  often  find  (2)  sandy  and  gravelly  beds, 
generally  false-bedded,  caused  by  the  drainage-system  of  the 
glacier,  and  deposited  by  water  running  either  under  the  glacier, 
or  through  the  glacier  (in  pipes  or  tunnels  in  the  ice),  or  upon  the 
glacier. 

Finally,  we  often  find  (3)  an  upper,  looser,  and  more  incoherent 
deposit  of  clay,  stones,  etc.,  consisting  of  material  contained  in 
and  upon  the  ice,  which  settled  down  during  the  final  melting 
of  the  glacier. 

This  arrangement  corresponds  with  the  three-fold  division  of 
the  drift  into  Upper  and  Lower  Boulder-Clays  with  the  intervening 
"  Middle  Sands  and  Gravels,"  which  has  so  often  been  described 
elsewhere.  But  any  one,  or  even  two,  of  these  divisions  are  as 
often  absent  as  present ;  and  it  is  only  by  accident  if  the  various 
deposits  in  any  two  sections  are  of  exactly  the  same  age. 

Literature  of  the  Midland  Drift. 

The  Proceedings  of  the  Birmingham  Nat.  Hist,  and  Phil. 
Soc.  for  1895  contains  a  "Bibliography  of  Midland  Glaciology," 
by  W.  Jerome  Harrison,  vol.  ix,  pp.  116-200,  in  which  the  titles 
{and  an  abstract  of  each  paper)  of  more  than  150  books  and 
papers  are  given.     From  these  the  following  may  be  selected : 

1858.     "  Memoirs  of  H.  E.  STRICKLAND."     Published  by  Van  Voorst. 

1864.     Maw,  G. — "  Severn  Valley  Drifts."     Quart.  Journ.  Geol.  Soc.,  vol.  xx^ 

p.  130. 
1869.     Lister,  Rev.  W.— "  Drift  at  Wolverhampton."      Quart,  Journ.  Geol^ 

Soc,,  vol.  XX,  p.  159. 

1869.  Mackintosh,  D.— "Scenery  of   England  and  Wales.'*     Longmans 

and  Co. 

1870.  Crosskey  and  Woodward,  C  J.—"  Post-Tertiary  Beds  of  Midlands.'" 

Proc.  Birm.  N.H.  and  M.  Soc.j  part  ii,  p.  42. 
1870.     Lloyd,  T.  G.  B. — "  Drifts  of  the  Avon  and  Severn  Vallejrs."     Quar/, 

Journ.  Geol.  Soc.j  vol.  xxvi,  p.  202. 
1870,    Woodward,  C.  J. — "  Mapping  the  Midland  Boulders."    ProcBtrm. 

N.H,  and  M.  »Sbc.,  part  ii,  p.  55. 

1878.  Harrison,  W.  J. — "  Scheme  for  Examination  of  Glacial  Deposits  of 

Midlands."     Mid.  Naturalist,  vol.  i,  pp.  181,  242,  312. 

1879,  etc.    Crosskey,  Rev.  H.  W. — "  Reports  of  Erratic  Blocks  Committee" 

(^Brit.  Assoc?),  especially  for  1879.  1883,  1886,  1887,  and  1890. 
1886.     Crosskey,  Rev.  H.  W. — "Glacial  and  Post-Glacial  Deposits  [of  the 

Midlands.!"     British  Association  Handbook,  p.  248  (nirmingham). 
1886.     Deeley,  R.  M. — *'  Pleistocene  Succession  in  the  Trent  Basin.'*  Quart. 

Journ.  Geol.  Soc.,  vol.  xlii,  p.  437. 
1888-9.     Martin,  F.  W. — "  Report  on  Shropshire  and  Staffordshire  Boulders " 

(with  map).     Proc.  Birm.  Phil.  Soc,  pp.  93  and  85. 
1894.     Lewis,  Prof.  C. — "Glacial  Geologj'  of   Great   Britain  and  Ireland." 

Longmans  and  Co. 
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SUMMARY    OF    THE    HISTORY    OF    GEOLOGICAL 

RESEARCH    AMONG    THE    ROCKS    OF   THE 

BIRMINGHAM    DISTRICT. 

This  paper  has  been  drawn  up  mainly  for  the  use  of  those 
geologists  who  took  part  in  the  Long  Excursion  of  the 
Geologists'  Association  in  1898.  Consequently,  while  it  includes 
a  general  sketch  of  the  geology  of  the  district  as  a  whole, 
only  those  geological  formations  visited  by  the  members  dur- 
ing the  Excursion  have  been  treated  of  at  length.  But  since 
those  formations  of  which  least  is  known — where  discovery 
is  still  in  progress,  and  where  opinion  for  the  time  being 
is  necessarily  divided — are  of  the  greatest  interest  to  outsiders, 
these  have  been  noticed  in  fuller  detail,  while  the  better  known 
formations  have  been  but  briefly  touched  upon. 

The  history  of  Geological  Discovery  in  the  Birmingham 
District  is  intimately  bound  up  with  the  history  of  British  Geology 
in  general,  and  dates  back  to  the  time  of  Hutton  and  Playfair. 
Playfair,  in  his  "  Illustrations  of  the  Huttonian  Theory  "  (1802), 
noticed  the  Pebble  Beds  and  pebbly  drift  of  the  Midlands,  and 
referred  both  to  the  stratified  Lickey  Quartzite  as  their  probable 
source  of  origin.  William  Smith,  between  1780  and  181 5, 
first  distinguished  the  three  prominent  rock  systems  of  the 
district — the  Carboniferous,  the  New  Red  Sandstone,  and  the 
Jurassic  (Lias  and  Oolite),  and  defined  and  mapped  some  of  the 
larger  divisions  of  the  last  named  groups.  Professor  Buckland,  in 
182 1,  examined  and  described  the  Quartz  rocks  of  the  Lickeys, 
and  noted  the  igneous  rocks  of  Barnt  Green.  He  observed  the 
Transition  (Silurian)  rocks  on  the  flanks  of  the  hills,  as  well  as  the 
associated  Carboniferous  beds,  paralleled  the  Lickey  Quartzite 
with  the  Quartzite  of  the  Wrekin  and  Caradoc,  and  concluded 
that  the  Lower  Lickey  Hills  "existed  as  a  group  of  Palaeozoic 
Islands  surrounded  by  the  New  Red  sea."  He  even  asserted  that 
'*  the  true  place  of  this  Lickey  Quartz  rock  appears  to  be  at  the 
lower  extremity  of  those  deposits  known  as  the  Greywacke." 
These  rocks  of  the  Lickey,  and  also  those  of  the  Nuneaton 
district,  were  next  described  by  the  Rev.  James  Yates  in  1829, 
and  both  were  correctly  paralleled  by  him  with  the  Wrekin  and 
Caradoc  series  of  Central  Shropshire.  Murchison  spent  much 
time  in  the  District  between  1825  and  1835,  and  devoted  an 
important  part  of  his  great  work  on  the  "  Silurian  System  "  to  a 
description  of  the  Midland  rocks  ;  his  account  of  the  Silurian 
strata  of  the  Dudley  and  Malvern  areas  is  classical.  He  gave  a 
full  account  of  the  New  Red  of  the  Midland  region,  and  care- 
fully distinguished  the  Midland  Permian  strata,  which  Buckland 
August,  1898.]  31 
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had  confounded  with  the  Old  Red  Sandstone,  as  the  lower  half 

of  the  New  Red  Sandstone,  and  paralleled  the  group  as  a  whole 

with  the  Rothliegende  of  Germany.     The   Permian  "trappoid 

breccia,"  however,  he  believed  to  mark  the  outcrop  of  an  igneous 

rock,  and  he  claimed  the  Lickey  Quartzite  as  being  of  Silurian 

age  (Llandovery),    believing  it  to  graduate   upwards  into  the 

Llandovery  fossiliferous  sandstone  of  Ruber}\     He   suggested 

that  the  Lower  Lickey  Hills  lay  along  an  old  volcanic 

(marked  by  an  igneous   rock  occurring  at   Kendal  End,  nea 

Barnt  Green)  by  which  the  Silurian  beds  had  been  changed  into^^^to 

(]uartzite. 

A  second  period  in  the  history  of  geological  research  in  th#  ^-T^^^he 
Birmingham  District  is  marked  by  the  work  of  the  Nationans  «-iiai 
Geological  Sun'ey. 

The  mapping  of  the  District  by  the  officers  of  the  Survey  was:^  "^^^as 
carried  out  between  1840  and  i860,  mainly  by  Sir  A.  Ramsa-^j^av 
Prof.  Jukes,  Prof.  Hull,  Mr.   Howell,  Prof.  Phillips,  Sir  A.  MT     K.' 
Selwyn,  and  Mr.  Aveline.     Prof.  Phillips  mapped  the  district  »  of 

the  Malvern  and  Abberley  Hills,  and  described  the  rocks  in  tW'^imthe 
second  volun)e  of  the  Memoirs  of  the  Geological  Survey.     Juk-^p^es 
(who  was  a  native  of  Harborne,    near    Birmingham),    mapp»-^cz>ed 
the    South  Staffordshire  Coalfield,  and    his   memoir  on    "T 
Geology  of  the  South    Staffordshire    Coalfield,"  is  a  model 
what   such  a   work  should  he  ;    but   even    the  second  cditi 
has  long  been  out  of  print.      Hull  mapped   the    Leicesters 
Coalfield,   and  (mainly    within   the   limits    of  the    Birmingh 
District)  fixed  the  boundary  between  the  Permian  and  Tria^^ss/c 
systems,  distinguished   and   named    the    accepted    divisions        o/" 
the  Midland    Permian,   Bunter    and    Keuper    formations,    smncf 
ascertained  their  sequence  in  the  district.     His  Memoir  (iS^pj, 
"  On  the  Triassic  and  Permian  Rocks  '*  of  the  Midland  Cou«  c/es 
of  England,  is  still  the  standard  work  upon  the  subject.     Ho'we// 
mapped  the  East  Warwickshire  Coalfield   and   the  sut rouncf  in^ 
country,  embodying  his  results  in  his  well-known  "  Geology  of  t/ie 
Warwickshire  Coalfield."   Ramsay  gave  a  general  superintendence 
to   the  whole  work,  and  studied   personally  the  more  diflicu/t 
points  and  problems.     The   final   result    of  the  work   of   i\it 
Surveyors  was  to  place  before  the  public  a  complete  series  oi 
geological   maps  covering  the  whole  area  of  the  Birmingham 
district,  coloured  so  as  to  represent  not  only  the  various  geological 
systems  recognised,  but  also  their   main   subdivisions.      These 
maps  were   upon  the  scale  of  one  inch   to  the  mile — the  only 
scale  then  published — and  when  we  have  regard  to  the  smallness 
of  this  scale,  and  the  minute  character  of  the  geological  work, 
the  general  accuracy  of  the  geological  lines  inserted  upon  them 
is  beyond  all  praise.     They  were  illustrated  by  many  coloured 
longitudinal  sections  across  the  more  typical  parts  of  the  country 
(upon  a  scale  of  six  inches  to  the  mile),  and  by  vertical  sections 
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(upon  a  scale  of  forty  feet  to  the  inch)  of  the  strata  pierced  in  the 
shafts  of  the  chief  collieries  of  the  Midlands. 

During  the  progress  of  the  Survey  many  fresh  discoveries  were 
made  and  many  novel  views  brought  forward.  The  Surveyors 
proved  beyond  doubt  that  the  "  trappoid  breccia "  of  the  Per- 
mian was  not  the  disintegrated  surface  of  an  igneous  mass,  but 
formed  a  constituent  stratum  of  the  Permian  system.  To  explain 
the  position  and  probable  mode  of  formation  of  this  breccia,  Ramsay 
wrote  his  famous  paper  upon  the  subject,  in  which  he  advanced 
the  theory  of  its  glacial  origin,  and  suggested  its  derivation  from 
the  distant  Longmynd,  Caradoc  and  Wrekin  areas  of  Shropshire. 
Jukes,  on  the  other  hand,  was  led  by  his  field  work  to  the  opposite 
opinion,  namely,  that  the  breccia  was  probably  derived  from 
ancient  rocks  in  the  immediate  neighbourhood,  which  were  exposed 
to  denudation  in  the  Midland  areas  during  Permian  time,  but 
were  afterwards  buried  from  sight  by  later  deposits.  Again,  while 
Buckland  had  published  his  opinion  that  the  Lower  Lickey  Hills 
had  existed  as  islands  in  the  New  Red  Sandstone  sea,  and  were 
enveloped  unconformably  in  the  surrounding  mass  of  New  Red 
sediments,  Ramsay  held  that  the  field  work  showed  that  they 
were  bounded  by  faults  on  both  sides,  along  which  they  must 
have  been  relatively  elevated  since  New  Red  times.  Further,  as 
no  stratigraphical  break  was  discoverable  at  Nuneaton  between  the 
Hartshill  Quartzite  with  its  associated  rocks  and  the  overlying 
Coal  Measures,  Ramsay  felt  himself  unable  to  accept  the  views 
of  his  predecessors  that  they  were  of  the  age  of  the  Wrekin  and 
Lickey  Quartzites,  and  they  were  consequently  coloured  by  him 
>n  the  Survey  Maps  as  Millstone  Grit  and  Lower  Coal  Measures. 

The  period  (i 856-1881)  which  followed  the  publication  of  the 
!$urvey  Maps  and  Memoirs,  was  marked  by  the  brilliant  petro- 
^raphical  researches  of  the  late  Mr.  Samuel  Allport  (a  native  of 
:he  district),  and  by  the  discoveries  and  conclusions  of  those 
geologists  who  were  busied  in  developing  the  Archsean  rocks 
which  existed  either  within  the  boundaries  of  the  district  or  in 
areas  more  or  less  related.  AUport's  description  of  the  Dolerites 
of  the  South  Staffordshire  Coalfield,  the  Diorites  of  the  Nuneaton 
district,  and  of  the  Rhyolitic  lavas  and  agglomerates  of  the  Wrekin 
and  Wrockwardine  areas,  are  classic  in  the  history  of  British  petro- 
logy. Dr.  HoU's  account  of  the  so-called  metamorphic  gneissose  and 
schistose  rocks  of  the  Malvern  Hills  (published  in  1865),  in 
which  the  original  suggestion  was  made  that  these  rocks  were 
probably  of  Laurentian  or  Archaean  age,  was  the  pioneer  of  that 
host  of  geological  papers  dealing  with  the  Archaean  and  pre- 
Cambrian  rocks  of  Britain  which  dominated  our  geological  litera- 
ture for  the  next  twenty  years.  In  1876  Dr.  Hicks  distinguished 
and  named  the  Pebidian  rocks  below  the  Cambrian  of  St.  David's. 
In  1877-8  Professor  Bonney  and  the  Rev.  E.  Hill  published  the 
sequence  of  the  Charnwood  Forest  rocks,  and  in  1878  threw  out 
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the  suggestion  that  they  might  be  of  Pebidian  age.    During  these 
years,  also,  Dr.  Callaway  published  accounts  of  his  original  and 
far-reaching  researches  in  Central  Shropshire.  He  first  announced 
(1877)  his  discovery  of  a  typical  Tremadoc  fauna  in  the  Shineton 
Shales,  and  showed  (1878)  that  the  stratigraphical  evidences  led 
to  the  conclusion  that  the  Wrekin  Quartzite  (in  place  of  being  of 
Bala  age,  as  previously  supposed)  was  either  of  Cambrian  age, 
or    more    probably,    Archaean.     Discovering   that   the    Wrekin 
lavas  and  pyroclastic  rocks  (afterwards  named  by  him  Uriconian) 
underlay  this  Quartzite  unconformably,  he  drew  (1879)  the  conclu — 
sion  that  they  must  be  of  pre-Cambrian   (or  Archaean)  age, 
conclusion  which  is  now  almost  universally  accepted.     In  1880  h 
showed  that  rocks  similar  to  those  of  the  Wrekin  occurred  in  th 
Malvern  range  near  Herefordshire  Beacon,  overlying  the  gneissose 
rocks  unconformably.      For  this  underlying  gneissose  series  h 
had  already  suggested  the  title  oiMalvernian  \  and  a  few  years  late 
he  employed  the  title  of  Longmyndiatf,  as  a  designation  for  the 
unaltered  pre-Cambrian  rocks  of  the  Longmynd. 

The  final  period,  namely,  from  the  commencement  of  i88r 
down  to  the  present  time,  has  been  marked  mainly  by  discoveries 
in  the  stratigraphy  of  the  various  geological  formations  of  the 
Birmingham  District  and  by  researches  among  the  Midland 
Glacial  deposits.  We  may  first  treat  of  the  Cambrian  and  pre- 
Cambrian  rocks.  Early  in  1882  the  unconformity  between  the 
Llandovery  Sandstone  of  Rubery  and  the  Lickey  Quartzite  was 
discovered  in  the  field  independently  by  Mr.  F.  T.  S. 
Houghton  and  by  Professor  Lapworth.  During  the  same  year 
I^apworth  detected  the  bedded  pyroclastic  basement  rocks  of 
Barnt  Green  in  the  area  in  which  Murchison  had  recognised 
intrusive  igneous  rocks,  but  which  had  been  mapped  as  an  out- 
crop of  the  Permian  breccia.  A  short  time  afterwards  Lapworth 
and  Mr.  W.  J.  Harrison  ascertained  the  bedded  nature  of  the  sup- 
posed intrusive  igneous  rocks  of  Caldecote  near  Nuneaton. 
Lapworth  next  discovered  the  Cambrian  fossils  of  the  Stocking- 
ford  Shales, and  worked  out  the  sequence  of  the  beds;  and  Harrison 
discovered  the  Cambrian  inlier  of  Dost  Hill.  These  results  led 
to  a  revision  of  the  Nuneaton  area  by  the  Geological  Survey.  In 
1885  Mr.  A.  Strahan  re-mapped  the  area,  and  proved,  for  the  first 
time,  the  unconformity  between  the  Cambrian  and  Carboniferous. 
The  officers  of  the  Survey  made  a  collection  of  the  Cambrian 
fossils  of  the  district,  and  in  the  next  year  (1886)  a  revised  edition 
of  Sheet  No.  63  S.  W.  was  issued  to  the  public,  in  which  the  rocks 
were  coloured  as  Lower  Silurian  (Cambrian),  and  assigned  to  the 
general  horizon  of  the  Lingula  Flags.  The  results  of  the  local 
stratigraphical  work  up  to  this  date  will  be  found  summarised  in  the 
chapter  (much  of  which  is  incorporated  in  the  present  paper)  on 
the  Geology  of  the  Birmingham  District  in  the  "  Handbook  of 
Birmingham,"  prepared  for  the  members  of  the  British  Association 
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(in  1886).  The  subsequent  discovery  by  Lapworth  of  Olenel/us  and 
Paradoxidesxn  the  Comley  rocks  of  Shropshire,  led  him  to  assign 
the  Wrekin  Quartzite  and  Comley  Limestone  to  the  I^wer  Cam- 
brian. This  was  soon  followed  by  the  detection  of  Olenellus  in  the 
north-west  of  Scotland  by  the  officers  of  the  Survey  in  1891, 
led  to  a  renewed  search  for  fossils  in  the  Upper  Quartzites  of 
Nuneaton.  Casts  of  fossils  were  first  detected  in  the  bands  at 
the  top  of  the  quartzite  by  Dr.  T.  Stacey  Wilson  in  1895  ;  and 
during  the  same  year  the  more  deeply-seated  Hyolithus  beds  of 
Camp  Hill  were  discovered  by  Lapworth,  and  theoretically 
assigned  by  him  to  the  Lower  Cambrian.  In  1895-6  Professor 
Watts,  then  of  the  Geological  Survey,  revised  the  geology  of  the 
Basement  Rocks  of  Cham  wood  Forest,  and  in  the  Annual 
Report  of  the  Survey  for  1896  they  are  definitely  assigned  to 
the  pre  Cambrian.  In  1897  Mr.  Walcot  Gibson  completed  his 
revision  of  the  Lickey  and  Barnt  Green  areas,  and  in  the  new 
edition  of  Sheet  No.  54  N.W.  the  Barnt  Green  Rocks  are  recog- 
nised, and  the  Lickey  Quartzite  is  coloured  as  Cambrian  ;  while 
Permian  and  Bunter  beds  are  shown  as  existing  to  the  north-east 
of  the  Lickey  range  in  ground  formerly  mapped  as  Keuper. 

Coming  next  to  the  post-Cambrian  formations,  we  find  that 

the  fossils  detected  by  Mr.  H.  Johnson  and  Mr.  F.  G.  Meachem 

in  the  supposed  Permian  rocks  pierced  in  the  shafts  of  Sandwell 

and  Hamstead,  were  studied  by  Mr.  Kidston,  and  the  rocks  were 

assigned  by  him  to  the  Upper  Carboniferous.     The  strata  in  the 

neighbourhood    of    the     Forest    of    Wyre    were    subsequently 

investigated  by  Mr.  T.  C.  Canlrill,  who  discovered  Silurian  rocks 

in  an  anticline  at  Trimpley ;  and  a  i^^/V^r^/V-limestone  band,  and 

several  distinct  coal   seams  in  the   so-called  Permian  rocks   of 

the   Enville    country.       Mr.   Wickham    King    has    successfully 

devoted  himself  to  the  investigation  of  the  composition,  mode  of 

accumulation,   and  source   of    origin,    of  the    Permian    Breccia 

occurring    in    the    many  exposures    within    the    limits    of    the 

Birmingham    District,    the    Calcareous    Conglomerates    in   the 

underlying  beds,  and  the   remarkable   mixed  conglomerates  of 

the  Upper  Coal  Measures  ;  while  Mr.  R.  D.  Oldham  has  published 

a  most  interesting  comparison  of  the  Permian  Boulder  beds  of 

the   district  with  the  corresponding  beds  of   India,  Africa,  and 

Australia.     Professor  Bonney  has  investigated  the  Pebble  Beds 

of  the  northern  part  of  the  district,  and  Mr.  T.  Harrison  those  of 

the  south,  and  have  published  their  views  as  to  their  probable 

sources  and  their  special  mode  of  origin. 

The  petrology  of  the  rocks  of  the  Permian  breccia  has  been 
partly  worked  out  by  Mr.  W.  Boulton  and  by  Mr.  Harrison,  jun., 
and  that  of  the  Pebble  Beds  by  Professor  Bonney  and  by  Mr. 
Waller.  Mr.  Waller  has  also  published  a  paper  on  the  intrusive 
igneous  rocks  of  the  Caldecote  series. 

Side  by  side  with  this  stratigraphical  and  petrological  work, 
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much  has  also  been  done  during  this  period  in  the  study  of  t       -  ^&ie 
Glacial  deposits  of  the  District.     The  original  investigations  a^c-  -^nd 

suggestions  of  Mackintosh  and  his  predecessors,  with  regard  to  t    nb< 

local  distribution  and  probable  sources  of  the  Midland  errati^-^     <^^s 
have  been  greatly  extended  by  the  researches  and  papers  of  t  H 

late  Dr.  Crosskey  and  of  Mr.  W.  Jerome  Harrison.     Mr.  Fi  — e^ 

Martin  has  mapped  out  the  main  distribution  of  the  Midia n 

erratics,  the  late  Professor  Carvill  Lewis  discussed  the  arran 
ment  of  the  Arenig  boulders,  and  Mr.  H.  G.  Mantle  1 
recently  investigated  the  local  distribution  and  probable  soun 
of  the  erratics  in  the  neighbourhood  of  Lichfield. 
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LO:^a^G  EXCURSION  TO  THE  BIRMINGHAM  DISTRICT. 

Thursday,  July  28th,  to  Wednesday,  August  3rd,  189S. 

^y^^^tors:  Prof.  C.   Lapuorth,  LL.D^  F.RS,,    W.   Jerome 

Harrison,  F.G.S.,  W.  Wickham  King,  F.G  S.,  T.  Stagey 

^ViLSON,  M.D ,  l^LRC.P.,  AND  Prof.  W.  W.  Watis,  M.A., 

Sec  G.  S. 

(plate  xiii.) 

Excursion  Secretary:  F.  Meeson,  F.G.S. 
(^Report  by  W.  W.  WatTS  ;  revised  by  the  odter  DIRECTORS.) 

7^**^e:  greater  part  of  the  area  known  as  the  Birmingham  District 
^^  ^^>ocupied  by  the  Trias,  a  deposit  which  is  a  mile  in  depth  where 
^*1  its  members  are  present  in  full  thickness.  Submerged  more 
^^  less  completely  under  the  Trias,  several  ancient  ranges  of 
Y^^^^ozoic  Rocks,  the  strikes  of  which  radiate  as  it  were  from 
^"^^^^  Southern  end  of  the  Pennine  Range,  form  a  broken  chain 
^*^ic^li  crosses  the  district  about  its  centre  in  a  direction  extending 
'^^^^ Silly  from  S.W.  to  N.E.  Certain  portions  of  these  ridges  are 
^^11    liigh  enough  to  peer  out  from  beneath  the  Triassic  covering. 


j^    ^liat  it  is  possible  to  study  in  them  all  the  Palaeozoic  S3rstems 

,  ^-*^  two  within  a  short  distance  of  the  city.  The  Ordovician  Rocks 

^""^^  not  hitherto  been  found  in  sitiiy  although  fragments  of  them 

^^^      Icnown  to  occur  among  the  Hunter  pebbles ;  the  Old  Red 

5^^*^^stone  has,  up  to  the  present,  only  been  met  with  in  two 

'^  lyings  in  the  South  Staffordshire  Coalfield. 

^»  "^he  series  of  excursions  was  so  planned  that,  on  the  whole, 

^       oldest  rocks  were  studied    first,  and  the  members  of  the 

[:iation  were  introduced  to  newer  and  newer  rocks  in  order. 

incidence  of  Bank   Holiday   interfered  slightly    with    this 

^Vience,  while  it  also  rendered  it  practically  impossible  to  devote 

.^J?^^     time  to  Carboniferous  Rocks  except  in  distant  views,  for 

^^^^h  the  weather  and  atmosphere  were  exceptionally  favourable. 

-After  journeying  to  Birmingham   on   Thursday,   July   28th, 

^^^    taking  up  their  quarters  at  the  Grand  Hotel,   the   party 

^^^"Velled    by    the    first    convenient    train    to    Nuneaton,     and 

^jgan  their  week's  work  there.     Roughly   speaking,  it  may  be 

^^^^  that  the  Nuneaton  district  consists  of  a  strip  of  pre-Cambrian 

k  ^^    Cambrian    Rocks,    striking    N.W.    and   S.E.,  sandwiched 

k^  u^t^een  Triassic  Marls  to  the  N.E.  and  Coal  Measures  to  the 

^L  ^AV.     The  Trias  is  separated  from  the  pre-Cambrian  (Caldecote) 

^        ^ocks  by  a  fault  coursing  N.W.  and  S.E.     The  pre-Cambrian 

\       strip  is  followed  to  the  S.W.,  unconformably,  by  Cambrian  (Harts- 

I        hill)  Quartzite,  Limestone  (the  Hyolite  Limestone),  and  Shales 

I       (the  Stockingford  Shales).     Farther  still  to  the  S.W.  the  basement 

/       ieds  of  the  Coal  Measures  follow  with  a  marked  unconformity. 

m  November,  1898.]  32 
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On  leaving  the  railway  station  the  party  at  once  made  their 
way  to  a  large  quarry  near,  in  which  was  seen  the  first  exposure 
of  Hartshill  Quartzite;  this  is  well  jointed  and  pierced  by  a 
diorite  dyke  40  ft.  or  50  ft.  thick.  But  the  chief  interest  of  the 
quarry  is  the  unconformable  junction  with  the  Trias  which  is 
shown  in  its  upper  part.  A  breccia,  made  up  of  angular  frag- 
ments of  quartzite,  here  forms  the  base  of  the  Waterstones,  and 
it  is  followed  by  layers  of  well-bedded,  red  and  brown  sandstone. 
The  junction  is  of  importance,  as  it  seems  to  show  that  the 
eastern  boundary  fault  of  the  Palseozoic  area  is  not  a  very  great 
displacement. 

The  Lower  Beds  of  the  Quartzite  (Park  Hill  Quartzite),  an 
their  numerous  sills  and  dykes  of  diorite,  were  studied  in  a  lin 
of  old  quarries  ;  but  the  hunt  for  the  "  needle  rock  " — a  diorit 
with  small  hornblende  prisms  visible  in  it — was  not  as  successfuC^ 
as  had  been  hoped,  owing  chiefly  to  the  unfavourable  weather- 
Nor  was  a  passing  glance  at  the  shales,  interbedded  with  th 
quartzite,  rewarded  with  the  discovery  of  any  ^xerOIenellus  fossi 

After  halting  under  a  shed  for  a  sharp  thunderstorm  to  bio 
over,  the  geologists  next  visited  Mr.  Boon's  quarry,  a  locality  no 
classic  from  the  fact  that  the  basement  layers  of  the  Quartzit  _ 

which  are  exposed  here,  are  full  of  fragments,  large  and  smaL.^^^^] 
derived  from  the  denudation  of  the  underlying  Archaean  (Caldecot^^^^  ^1 
Rocks.  This  exposure  was  one  of  the  first  which  originally  gave  thnrr  — 
required  evidence  as  to  the  relative  ages  of  the  Caldecote  volcai^h^ 
series  (pre-Cambrian)  and  the  Quartzite  (Cambrian).  A  rece=^ 
excavation  in  this  quarry  (kindly  brought  under  the  notice  of  t^^ 
of  the  Directors  by  Mr.  Boon)  has  revealed  an  excellent  exam^^r^^/e 
of  beds  near  the   base  of  the  Quartzite,  entirely  made   up  of 

blocks  and  boulders,  varying  from  i  in.  to  3  ft  in  length, 
boulders  consist  of  different  members  of  the  underlying  Arch 
series  and  other  ancient  rocks.  Thus  specimens  of  basic  and  in." 
mediate  ash,  quartz- felspar  ash,  quartz-porphyry,  and  porphyr- 
basalt,  all  of  types  recognised  amongst  the  Caldecote  group, 
halleflintas,  fine  green  ashes,  and  quartzites  resembling  the 
of  the   Charnian   series   (of  Charnwood   Forest),   and  pieces      of 
plutonic  rock  from  an  unknown  source,  were  collected  by 
members. 

The  next  exposure  visited  was  the  well-known  "  Blue 
near  Caldecote  Hill  House,  in  which  the  Archaean  Rocks  wi 
for  the  first  time  seen  in  sM,     Owing  to  the  previous  rainfall 
rocks  were  not  easy  of  access,  but,  when  reached,  they  w 
found  to  be  much  improved  by  their  recent  washing.     At  tfais 
place  a  rock,  which  appears  to  be  a  quartz-felspar  tuff,  such   j^^ 
might  have  been  blown  out  of  a  volcano  discharging  quartz-felsi*^^ 
lava,  has  been  invaded  and  overlain  by  a  porphyritic  basalt,  vei-i^s 
and  strings  of  which  were  to  be  seen  on  the  face  of  the  exposiare 
piercing  their  way  into  the  joints  and  cracks  of  the  quartz-felsj>a^ 
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xock,  and  even  running  in  the  finest  threads  amongst  its  disin- 
tegrated fragments.  Specimens  of  the  "  mixture  rock,"  with  vary- 
ing proportions  of  the  acid  and  basic  ingredients  were  carried 
away  by  the  members  for  microscopical  investigation. 

The  day's  work  was  closed  by  a  visit  to  the  old  tunnel  near 
Caldecote  Hill  House.  The  remarkably  fine,  dust-like,  laminated 
tuffs  of  Archsean  age,  part  of  the  Caldecote  series,  are,  or  rather 
were,  still  to  be  found  here ;  whether  future  visitors  will  find  any 
or  no  is  quite  another  question.  Slightly  coarser  tuffs,  not  so 
markedly  laminated,  are,  however,  to  be  found  here  in  plenty. 

On  Friday^  July  29M,  a  few  more  quarries  in  the  Lower  and 
Middle  Divisions  of  the  Quartzite  were  visited.  Amongst  them 
were  two  of  very  considerable  interest.  The  first,  belonging  to 
the  Messrs.  Trye,  revealed  what  was  left  of  the  dyke  shown  on 
Plate  X,  Fig.  2.  Here  the  diorite  was  plainly  seen  to  cross  the 
bedding  of  the  Quartzite  in  the  direction  of  its  dip,  although 
corresponding  with  it  in  strike.  The  quarrying  which  has  taken 
place  since  the  photograph  was  taken  has  revealed  the  fact  that 
the  dyke  thins  down  from  3  ft.  to  i  ft  in  breadth,  while 
a  new  sill,  conforming  to  the  bedding,  has  made  its  appearance. 

A  call  for  petrologists  to  make  a  detour  in  order  to  see  an 

example  of  the  nodular  diorites — called  "anchorites"  by  Professor 

Lapworth — revealed  the  fact  that  two-thirds  of  the  party  claimed 

this  title.    The  spot  was  soon  found,  at  the  entrance  to  Messrs. 

Trye's  quarry,  where  a  thin  sheet  of  diorite,  intrusive  into  the 

iower  layers  of  the  quartzite,  has  segregated  on  cooling  into  basic 

clots  and  acid  veins.     A  big  block  was  soon  extracted  and  dis- 

tiembered,  its  fragments  being  carried  ofif  to  decorate  several 

ixiuseums  ranging  from  Oxford  to  Exeter. 

The  entrance-cutting  to  Mr.  Abel's  quarry  was  next  studied 

liarefully,  as  it  yields  perhaps  the  most  interesting  to  a  geologist 

of  all  the  numerous  sections  in  the  district ;  for  this  is  the  only 

l:>lace  where  the  actual  junction  of  Cambrian  and  pre-Cambrian 

^ocks  can  be  seen  and  worked  out  in  detail.      The  pre-Cambrian, 

Caldecote  rocks  consist  chiefly  of  quartz-felspar  ash  like  that  seen 

in  the  "Blue  Hole,"  and  they  are  similarly  pierced  and  invaded  by 

porphyritic  basalt,  which,  in  this  case,  traverses  them  as  a  vertical 

^yke.     These  rocks  are  covered  by  Quartzite,  whose  lower  layers, 

ss  in    Mr.  Boon's   and   Mr.  Trye's  quarries,  are   made   up  of 

JVrchaean  debris.     In  spite  of  this  fact,  and  that  the  junction  is 

somewhat  irregular,  any  unconformity  of  the  two  sets  of  rocks  is 

masked  by  their  correspondence  in  dip  and  strike,  and  by  the 

anticline  over  which  both  rocks  are  folded.     The  field  evidence 

for  unconformity  rests  on  the  boulder-beds  and  the  pebbly  and 

gritty  layers  in  the  Quartzite  already  mentioned,  and  also  on  the 

weathered  condition  of  the  quartz-felspar  rock  near  its  junction 

with  the  Quartzite.     While  this  rock  is  sound  and  fresh  at  the 

bottom  of  the  cutting,  and  far  below  the  Quartzite  junction,  its 
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contact  layers  are  weathered  to  a  depth  of  8  ft.  or  lo  ft,  and  split 
up  into  spheroids  of  all  sizes,  one  being  6  ft.  or  7  ft.  across.   Oth< 
evidence  will  be  found  on  pages  393  and  394. 

From  this  point  the  party  travelled  to  the  abandoned  cuttinf 
near  Camp  Hill  Grange,  the  site  of  the  HyoHte  Limestone,  withcnf 
its  associated  beds,  now  classed  as  the  Highest  or  Camp  HilEJ 
Division  of  the  Quartzite.    The  succession  was  soon  made  out : 
Sandy,  glauconitic,  and  phosphatic  layers  below ;  then  the 
limestone ;  then  more  layers  of  quartzite,  calcareous  bands,  an< 
sandstone ;  and,  finally,  the  lowest  purple  beds  of  the  Stocking,^-- 
ford  Shales,  pierced  and  altered  by  several  diorite  sills.     Grea.^%- 
masses  of  the  red  Hyolite  Limestone  were  soon  extracted,  anc/ 
specimens  of    Coleoloides^    Kutorgina^    Orthotheca^   and   severa/ 
species  of  Hyolithus  were  carried  off.     Professor  Lapworth,  who 
had  taken  several  opportunities  on  this  and  the  previous  day  to 
explain  the  geology  as  the  ground  was  traversed,  here  pointed  out 
that  the  Hyolite  Limestone,  although  it  had  yielded  no  trilobites, 
probably  occupied  the  place  of  the  Olenellus  rocks  of  Shropshire, 
the  Highlands  and  elsewhere,  for  the  species  of  Hyolithus  and 
other  fossils  in  it  compared   more  closely  with  those   of  the 
Olenellus  zone  of  Norway  and  America  than  with  any  others. 
This  identification  fitted  in  with  other  facts ;  it  placed  the  Harts- 
hill  Quartzites  in  line  with  those  of  the  Wrekin  and  of  Erribol  as 
the  base  of  the  Cambrian  System,  while  it  correlated  the  Camp 
Hill  Quartzite  with  the  Comley  Sandstone  of  Shropshire,  and  the 
"  Fucoid  Beds  "  of  the  Highlands. 

Joining  the  carriages,  the  party  drove  to  Chapel  End, 
and  after  lunch  they  pressed  on  to  the  new  railway  cutting  now 
being  made  by  Messrs.  Trye,  north  of  the  village.  This  cutting 
exposes  a  fine  section  of  black  Stockingford  Shales  (Oldbury 
Shales),  bent  back  and  folded  by  the  soil-creep  down  the  hill- 
slope.  In  addition  to  this  it  shows  the  unconformable  junction 
of  the  Coal  Measures.  The  lowest  Carboniferous  rock  is  a  con- 
glomerate in  which  pebbles  of  vein  quartz  are  ver>'  common,  but 
fragments  of  quartzite  and  diorite  are  also  of  frequent  occurrence. 
Yellow  sandstones  succeed,  and  the  cutting  plainly  shows  that  : 
the  diorite  dykes,  like  the  shales,  were  cut  off  by  denudation  m 
before  the  Carboniferous  rocks  were  deposited. 

Partly  walking  and  partly  driving,  the  members  went  on  to  a  «^ 
large  exposure  of  diorite,  intrusive  into  the  shales  at  Raspberry^g*- 
Knob,  near  Purley  Park,  where  very  fresh  examples  ot  diorite^::^^ 
containing  large  crystals  of  hornblende,  and  a  small  amount  o*".^^/ 
olivine,  were  collected.     The  lane  near  Purley  Park,  which  war       5 
next  visited,  shows  a  fine  exposure  of  the  Lowest  Division  of  th     i^ 
Stockingford  Shales,  the  purple  or  Purley  Shales  named  after  th^»^ 
locality,  the  probable  equivalent  of  the  Menevian  Rocks  of  Norfcl? 
and  South  Wales.     Several  fossils,  including  Obolella^  Byolith^s, 
and  Agnostus  were  obtained,  and  for  the  first  time  the  head  of  a 


LONG   EXCURSION   TO  THE   BIRMINGHAM   DISTRICT.  42 1 

Conocoryphe  was  found  by  Mr.  Ridley,  and  generously  presented 
by  him  to  the  Mason  College  Museum. 

A  very  beautiful  drive  through  Merevale  Park  and  past 
Merevale  Abbey,  by  the  kind  permission  of  Lady  Dugdale,  brought 
the  party  to  an  old  quarry,  in  which,  with  Professor  Lapworth's 
assistance,  a  thin  seam  of  grey  shale  was  unearthed  and 
yielded  sufficient  specimens  of  DUtyonema  to  provide  most 
of  the  members  with  one.  These  shales,  the  Merevale  ShaleSy 
form  the  highest  division  of  the  Stockingford  Group,  and  seem 
to  find  their  parallel  in  the  Upper  Dolgelly  Division  of  the 
Lingula  Flags  of  North  Wales. 

Tea  at  Atherstone  concluded  a  day  which  rocks,  fossils,  and 
weather  had  combined  to  make  delightful,  and  the  party  were 
charmed  with  the  beauty  of  the  country  traversed,  the  wealth  of 
exposures,  and  the  generosity  with  which  the  owners  of  quarries 
and  of  property  had  allowed  them  to  visit  and  collect  over  the 
whole  country-side  with  the  utmost  freedom. 

Saturday y  July  30M,  was  not  an  ideal  day  for  travelling,  and 
it  was  only  alter  many  delays  that  the  members  of  the  Association 
alighted  at  Barnt  Green  and  were  able  to  resume  their  normal 
shape  and  size,  after  the  compression  necessary  to  put  sixty 
people  into  a  train  every  carriage  and  van  of  which  was  already 
over-full,  and  which  still  stopped,  hungry  for  more  passengers,  at 
every  station  en  route. 

After  hearing  a  brief  account  of  the  district  from  Professor 
Lapworth,  the  party  invaded  the  grounds  of  Barnt  Green  House, 
the  owner  of  which,  Mr.  Everett,  had  generously  given  them 
permission  to  examine  the  unique  section  of  Archaean  Rocks 
exposed  along  the  brook.  Here  specimens  of  tuff,  banded  and 
otherwise,  and  of  an  intrusive  basic  rock,  were  collected,  and  the 
general  correspondence  of  the  rocks  to  those  of  Caldecote  was 
pointed  out,  and  it  was  suggesttid  that  we  have  here  a  fragment 
of  the  Southern  ranges,  now  buried  under  the  Trias,  from  which 
the  Permian  breccia  material  came  down.  On  traversing  a  field 
on  the  way  to  Kendal  End,  the  hedgerows  were  found  to  be  full 
ol  angular  blocks  of  similar  rocks,  which  may  be  the  result  of 
present-day  weathering,  or  may  be  part  of  a  scree  formed  in 
Permian  times.  Perched  on  the  top  of  this  hill  an  outlier 
of  Silurian  (?  Woolhope)  Limestone,  now  entirely  quarried 
away,  originally  rested  on  the  top  of  the  Archaean  Rocks 
with  apparent  unconformity.  The  well-known  dyke  of 
diorite  intrusive  into  the  Archaean  Rocks,  and  the  black  shale 
which  Mr.  Gibson  discovered  to  the  west  of  this  spot,  were 
visited,  and  also  a  corresponding  diorite  dyke  on  the  east  side  of 
the  hill.  Crossing  the  transverse  fault  which  separates  the 
Archaean  and  Silurian  Rocks  of  Kendal  End  from  the  Quartzite 
that  makes  up  the  core  of  Bilberry  Hill,  the  party  next  halted  in 
Bilberry  Hill  Quarry  (See  Plate  XI,  Fig.  i),  and  the  remarkable 
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overfold  in  it  was  studied.  The  interpretation  that  the  oreribM 
was  part  of  an  inverted  syncline  was  accepted,  and  the  portion  seen 
to  the  left  in  the  figure  seemed  to  have  been  let  down  by  a  fault 
The  quartzite  of  this  exposure  is  in  appearance  like  the  lower  divi- 
sions of  the  Nuneaton  (Cambrian)  Quartzite,  with  which  it  is  now 
correlated,  as  its  unconformable  infraposition  below  Llandorcry 
Sandstone  renders  it  unlikely  that  it  should  be  of  any  other  age. 
Many  seams,  more  or  less  congloroeratic,  found  in  the  quartzite  of 
this  quarry,  like  the  basement  layers  at  Nuneaton,  are  made  up  cf 
debris  derived  from  the  (Bamt  Green)  Archaean  Series  bdow. 
These  strengthen  the  view  that  the  Bamt  Green  Series  is  ArchKao; 
satisfactory  proof  by  superposition  is  wanting. 

An  ascent  of  Bilberry  Hill  was  next  made,  but  the  hcKt-haie 
interfered  with  a  distant  view.  The  salient  features  in  the  geology 
of  the  hills  were  pointed  out  by  Prof.  Ijipworth,  and  then,  on 
descending  the  other  side,  the  Bunter  Pebble  Beds  overlappiog 
the  western  side  of  the  hills  were  seen  in  a  small  quany.  Hw 
quarry  in  the  Quartzite  near  the  keeper's  lodge  furnished  speciiDens 
of  typical  quartzite,  often  with  well-rounded  grains  and  well  bedded, 
while  grains  of  glauconiCe  were  common  in  many  specimens. 

After  lunch  the  party  pushed  on  towards  the  Beacon 
Hill,  passing  off  the  Quartzite  over  vertical  layers  of  sand- 
stone, and  over  the  place  of  the  Permian  Marls  on  to  the 
Permian  Breccia,  the  latter  standing  up  as  a  line  of  hills  on 
account  of  the  porosity  of  the  rock  which  hinders  the  gathering 
of  streams  and  the  denudation  resulting  from  them.  The 
similarity  of  the  breccia  to  the  unconsolidated  scree-material  of 
the  Archaean  slopes  already  seen  was  remarked. 

At  the  village  of  Rubety,  Llandovery  Sandstone  was  seen 
resting  unconformably  on  the  Lickey  Quartzite.     The  junctioa 


G.  I.— Tkacing  from  Plate  XIII,  Fig.  z,  to  Show  thb  Exact 
Relationship  of  the  Llandovehv  Sandstone  (Stipplid)  to 
THE  Cambrian  Quartzite  (Not  Stipi'led).      A  Fissurk  in  the 

gUARTZlTE,   FILLED     WITH     SA.VIISTONE     WILL   BE   SEEN    ALONG   THB 

Li.VE// 


Proc  Gbol.  Assoc.,  Vol.  XV. 


1.— View    (Looking     Soiith-West)   from  the   House  of 
Manper,  "Thb  Mount,"  Tettenhall,  Wolverhampton, 

a.  TSiunlonc  C1«e  Hill.  i.  Broon  Cict  Hill. 


r  RuBKRV  TO  show  Llanpoverv  Sandstone  kest- 
ON  Cambrian  Quartzite.    The  Llandovery 
Rock  fills  i;p  Fissures  in  thb  Quabtzite.    (See  Fig.  i  (or  Key). 
{Fnm  fMolograpkt  fy  Prefissor  H.  E.  Armilrm^. 
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was  photographed  when  it  had  been  cleared,  and  junction- 
specimens  were  collected,  some  of  them  with  fossiliferous  sandstone 
filtering  into  the  cracks  of  the  quartzite.  A  photograph  (Plate  XIII, 
Fig.  2)  of  this  junction  was  taken  by  Prof.  H.  E.  Armstrong,  and 
the  annexed  tracing  (Fig.  i)  will  serve  as  a  key  to  it.  It  was  the 
iiscovery  of  this  section  which  first  showed  that  the  Lickey 
Quartzite  was  not  of  Silurian  (Llandovery)  age  as  had  been 
previously  supposed.  In  the  grounds  of  the  Asylum,  to  which 
he  members  were  next  conducted,  the  Llandovery  Sandstone 
vas  seen  to  be  succeeded  by  fossiliferous  Woolhope  Limestone, 
md  that  by  Wenlock  Shales. 

After  tea  the  party  made  their  way  to  Rubery  Station,  and  at 
Eiolly  Hill  they  saw  the  most  northerly  exposure  of  the  Quartzite 
n  the  district,  a  mass  now  being  quarried  away  to  furnish 
material  for  making  a  new  reservoir  on  Frankley  Beeches.  A 
striking  fault  was  seen  to  pass  through  this  point  and  to  throw 
down  Carboniferous  sandstone  into  contact  with  the  Quartzite. 

Some  spare  hours  were  taken  up  with  a  pleasant  stroll  from 
Aldridge  past  Barr  to  Barr  Beacon  and  Sutton  Park.  A  consider- 
able area  of  Silurian  rock  ranges  from  Walsall  and  Rushall  to  Hay 
Head,  in  the  parish  of  Barr,  and  in  this  the  three  Silurian  Lime- 
stones are  displayed,  the  Wenlock  Limestone,  as  usual,  being  double. 
At  Hay  Head  the  lowest  limestone,  the  Woolhope  or  Barr  Lime- 
stone, used  to  be  quarried  for  smelting  purposes  but  the  quarries 
are  now  abandoned,  great  grooves  marking  the  former  site  of  the 
outcrop.  From  this  locality  most  of  the  characteristic  fossils  of 
the  Woolhope  Limestone  have  been  obtained,  including  IUcbtius 
barriensis^  named  after  the  locality.  The  Association  was 
fortunate  in  carrying  away,  amongst  many  other  fossils,  one 
almost  whole  specimen  of  this  rare  fossil  and  several  imperfect 
but  recognisable  fragments.  After  a  good  hunt  in  the  abandoned 
quarries  the  party  rested  on  an  old  spoil  bank,  and  the  fortunate 
discovery  by  Mr.  Garwood  that  small  brachiopods  were  to  be 
found  there  set  everybody  "  beach-combing,"  with  the  result  that 
each  one  carried  away  a  handful  of  the  tiny  brachiopods  so 
characteristic  of  the  Wenlock  Shale,  including  such  of  the  rarer 
forms  as  Strepiis  grayi^  Retzia^  and  Waldheimia  (?mawi),  as 
well  as  dozens  of  such  forms  as  Atrypa  marginaiis  and  its 
varieties,  Cyrtia  exporrecta^  Orthis  elegantula^  O.  elegantulina^ 
0,  hybrida^  and  O,  biioba. 

A  welcome  halt  at  the  foot  of  the  hill  near  some  old  coal- 
workings  was  followed  by  a  climb  up  the  fine  escarpment  of 
Bunter  Pebble  Beds,  known  as  Barr  Beacon,  from  the  summit 
of  which  there  was  a  superb  view  both  east  and  west  as  the 
Black  Country  smoke  had  settled  down  for  its  Bank  Holiday  rest. 
Three-fourths  of  the  Coalfield  were  plainly  visible,  its  south-west 
part  being  cut  off  by  the  line  of  hills  which  follows  the  Dudley 
anticline,  Rowley,  Dudley  Castle,  the  Wren's  Nest,  and  Sedgley 
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Beacon.  Beyond  the  Coalfield  there  rose  to  the  north  the 
Wrekin,  then  the  Brown  Clee  Hills  and  the  Titterstone  Clee,  the 
last  two  being  little  coalfields  capped  by  a  sheet  of  dolerite  like 
that  of  Rowley.  (See  Plate  XIII,  Fig.  i,  taken  from  a  photo- 
graph by  Prof.  H.  E.  Armstrong.)  The  Permian  ranges  framing 
the  Black  Country  were  clearly  seen,  culminating  in  the  Clent 
and  Lickey  Hills  to  the  south.  To  the  north  and  east  the  view 
ranged  over  the  woods  and  wastes  of  the  Bunter  Pebble  Beds, 
which  extend  from  Cannock  Chase  to  Streetly  and  Sutton 
Park. 

Descending  the  hill  the  party  next  entered  Sutton  Park,  where 
Mr.  Harrison  pointed  out  the  remains  of  the  old  Roman  road  of 
Icknield  Street,  and,  after  a  delightful  walk  through  the  Park  to 
Blackroot  Pool,  they  studied  a  capital  exposure  of  Bunter  Pebble 
Beds.      The  pebbles   and   matrix  are  traversed  by  joints,  an 
where  one  pebble  comes  into  contact  with  another  the  softer  one  i 
generally  indented,  while  the  smaller  one  is  often  crushed  b 
earth  movement  so  that  it  crumbles  to  pieces  on  being  extracted 


The  pebbles  are  mainly  of  varieties  of  quartzite  which  have  not 
yet  been  found  locally  in  sttii,  but,  in  the  course  of  the  day;^ 
pebbles  of  Lickey  Quartzite,  and  of  Llandovery  Rock  sometime! 


fossiliferous,  were  collected.      A  few  pebbles  of  fossiliferous  Grc — 
Armor icain  were  also  obtained. 

An  early  start  was  made  on  Monday^  August  ist^  fn 
Wolverhampton,  and  a  visit  was  made,  under  Mr.  Jerom 
Harrison's  direction,  to  the  West  Park,  in  which  the  Corporatio 
have  preserved  a  couple  of  large  boulders — one  from  Criffel,  an 
the  other  from  Arenig  or  the  Lake  District  (Fig.  13,  p.  406 
The  party  next  drove  to  Tettenhall,  where  they  were  hospitab' 
entertained  by  Mr.  C.  T.  Mander  at  breakfast,  after  studying  a  fir 
collection  of  boulders  amassed  by  that  gentleman's  father.  Tl 
majority  of  the  boulders  had  come  from  Lakeland  and  Sou —  — rh 
Scotland,  but  there  was  at  least  one  "Welshman"  in  t^i^^fce 
collection.     The  roof  of  the  house  commanded  an  excellent  vi(  .sw 

over  the  country  to  the  west,  and    there  was  no  difficulty 
recognising  the  features  previously  seen  from  Barr  Beacon,  whi 
in  addition,  the  Longmynd,  with  Corndon  beyond  and  the  Strett 
Hills  in  front  of  it,  and  the  Abberley  and  Malvern  ranges  to  t 
south,  were  well  seen.     (See  Plate  XHI,  Fig.  i).     Alter  taki 
leave    of    their  kind    host    the    party   drove    on    to    Trescc 
Trysull,    and    Seisdon,    a    country    strewn    with     millions 
boulders,    amongst    which    the     following    were    recognise- 
Granites    from   Eskdale,   Skiddaw,    and   the   Galloway  region 
granophyre  from  Buttermere ;  felsite  from  St.  John's  Vale  i^y  i 
felspathic    dykes    from   S.   Scotland   and   Lakeland ;    tuffs   strid 
andesites   from   Lakeland   and   Arenig;  hornfels,  possibly  from 
the  Shap  district ;  and  a  striking  augite-andesite,  most  probabij' 
from  Falcon  Crag,  in  Borrowdale,  though  it  had  affinities  with  a 
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rock  of  the  same  age  found  near  Shelve,  in  Shropshire.  After 
traversing  Abbott's  Castle  Hill  and  Highgate  Common,  the  party 
halted  for  a  while  at  Enville,  one  of  Ramsa/s  classic  localities, 
and  then  skirted  Enville  Park  to  see  the  Permian  Calcareous 
Conglomerate,  a  bed  which  has  recently  been  made  the  subject 
of  a  paper  by  Mr.  W.  Wickham  King. 

Before  reaching  Compton  quarry  a  very  beautiful  view  of  Kinver 
Edge  and  the  surrounding  landscape  tempted  Professor  Lapworth 
to  develop  his  idea  of  the  rejuvenescence  of  the  Severn  valley^ 
owing  to  the  diversion  into  it  of  the  drainage  of  the  Upper  Dee 
in    glacial   times.     The  deepening  of  the  main  Severn  Valley 
from  Coalbrookdale  to  Stourport,  due  to  the  increased  erosion 
brought  about  by  the  great  increase  in  (the  water  supply,  had  per- 
mitted the  tributary  streams  entering  this  part  of  main  valley  to 
cut  deep  gorges  for  themselves  in  the  lower  parts  of  their  courses. 
The  slope  of  the  stream-beds  here  became  more  steeply  inclined, 
and  the  rate  of  transportation  increased,  resulting  in   a   more 
xapid  and  more  differential  local  denudation.      The  result  is  seen 
in  the  bold  and  picturesque  scenery  of  the  lower  halves  of  their 
basins,  in  marked  contrast  with  the  more  rounded  and  feature- 
less country  farther  back,  which  remains  as  yet  unaffected.      The 
jointing  of  the  Calcareous  Conglomerate  was  studied  and  photo- 
graphed, and  Mr.  King  pointed  out  the  chief  kinds  of  Silurian 
and   Carboniferous    Limestone   which   made   up   most    of   the 
pebbles.     The  climb  up  Kinver  Edge  led  past  the  dwellings  of 
Holy  Austin  Rock  which  have  been  dug  out  of  a  hard  bed  in  the 
Lower  Mottled  Sandstone.     The  summit  of  the  ridge  gave  a  fine 
view,  including  the  Abberley  Hills  and  the  Malverns  rising  out  of 
the    Triassic  plain.     The  drive  back  to  Stourbridge  Junction 
was  past  a  couple  of  very  fine  exposures  of  Pebble  Beds,  that  at 
Wollaston    Ridge    yielding    several    examples    of    fossiliferous 
pebbles. 

The  Director  for  Tuesday^  August  2nd,  was  Mr.  W.  Wickham 
King,  who  met  the  Association  at  Stourbridge,  and  went  on  wiih 
them  to  Kidderminster.  The  object  of  this  excursion  was  to 
study  some  of  the  complicated  relationships  of  the  so-called 
Permian  and  Triassic  sediments  to  the  underlying  Palseozoic 
rocks.  Mr.  Wickham  King  has  kindly  furnished  the  following 
brief  note  on  his  views,  as  expressed  by  himself  and  Professor 
Lapworth  to  the  Association  on  the  ground  : 

'*The  fact  of  an  inversion  of  the  Silurian  and  Old  Red  Strata 
on  the  western  flanks  of  the  Abberley  range  was  originally 
pointed  out  by  Phillips.  According  to  the  views  and  discoveries 
of  the  Director,  the  structure  of  the  district  is  in  its  way  quite 
Alpine.  Not  only  are  there  inversions,  but  there  are  actual 
overthrusts,  the  Wenlock  and  Aymestry  Limestones  and  the 
Lower  Ludlow  Beds  being  repeatedly  forced  over  on  to  the  Old 
Red  Sandstone  and  Upper  Ludlow  Rocks.      The  strike  of  the 
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axes  of  the  main  folding  of  the  country  is  first  north  and  south 
in     continuation     of   the    main    axes    of   the    Malvern    ridge 
(Malvernian   folding),   but  at  Abberley  Hill  it    swings    roun< 
almost  at  right  angles  to  this  direction,  the  axes  now  striking  fronr^ 
west  to  east  (Hercynian  or  Mercian  folding).      The  great  compli  .m.  -li- 
cation  and  overthrusting  is  at  the  'elbow.'      Upon   these   twd^^o 
major  axes  or  directions  of  folding  are  superposed  minor  folds  ok:  -^cr 
*  ripples,'   namely,  on   the   Hercynian   portion  folds    with    axe^s^  ^s 
running  from  N.W.  to  S.E.  (Charnian  or  Woolhope  folding),  an<     r  I 
on   the  Malvernian   portion    ripples   with    N.E.   to   S.W.   ax< 
•(Scandinavian). 

"The  complicated  Abberley  elbow  forms  a  fan-fold  with  over— - 
thrusts  upon  its  outside  edges  and  a  sag  in  the  middle.  In  this 
sag  lies  the  so-called  'Permian  Breccia'  of  the  locality.  The 
mountain-making  movement  must  have  commenced  as  early  as 
Carboniferous  times,  for  the  Coal  Measures  rest  unconformably 
upon  the  Downton  Sandstone,  and  it  must  have  continued  far 
into  Triassic  time.  At  the  time  when  the  "  Permian  Breccia  "  of 
the  locality  was  laid  down  the  movement  was  not  finally  closed 
for  many  of  the  fragments  in  it  are  slickensided.  This  compli- 
cated little  district  gives  probably  a  rough  idea  of  the  rest  of  the 
Mercian  Highlands,  the  ruins  of  which,  with  the  exception  of  the 
Malvern,  the  Lickeys,  etc.,  now  lie  buried  deep  beneath  the 
Triassic  mantle.  The  so-called  "Permian  Breccias"  of  the 
Severn  basin,  so  intimately  connected  with  these  Highlands,  are 
of  several  ages,  ranging  in  time  from  the  Upper  Carboniferous  to 
the  Keuper." 

On  arriving  at  the  Hundred  House  the  party  speedily 
made  their  way  to  Walsgrove  quarry,  where  a  little  scrambling 
took  many  of  them  up  to  the  point  at  which  the  Downton 
Sandstone  and  Upper  Ludlow  Beds,  are  inverted  and  thrust 
over  the  Aymestry  Limestone  and  the  associated  nodular 
beds.  Proceeding  through  Abberley  Park,  which  the  owner, 
Mr.  Jones,  had  kindly  allowed  the  party  to  cross,  abundant  fossils 
were  obtained  from  exposures  in  the  Wenlock  Limestone,  the 
Aymestry  Limestone,  and  the  Upper  and  Lower  Ludlow  Beds. 
The  offer  of  a  reward  for  graptolites  at  one  spot  stimulated 
research  to  such  an  extent  that  several  examples  were  unearthed, 
proving  for  the  first  time  that  the  beds  there  were  of  Lower 
Ludlow  age,  inverted  and  probably  thrust  on  to  the  top  of  the 
Upper  Ludlow  Beds,  seen  in  a  quarry  just  below,  or  on  to  the 
Downton  Sandstone.  From  a  new  excavation  near  here  one  of 
the  members  was  rewarded  by  the  find  of  about  a  dozen  heads 
of  Phacops^  showing  the  facetted  eyes,  and  other  members  also 
found  P.  longicaudatus. 

The  route  up  Abberley  Hill  led  past  a  grand  exposure  of 
"  Permian  Breccia,"  resting  on  the  truncated  edges  of  the  Silurian, 
from    which    were    collected    many    examples   of  various  tuffs 
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and    ashes  of  Archsean    type,  as   well   as   sedimentary  rocks 
which  could  be  matched  with  local  rocks  found  in  sitil  in  the 
vicinity.     A  brisk  discussion  between  Professor  Blake,  Mr.  King, 
and  Professor  Lapworth  elicited  the  contrast  between  the  old 
views  that  the  breccia  fragments  had  been  borne  by  glaciers  from 
Wales,  and  the  new  views  that  they  were  of  local  origin,  and 
-derived  from  the  cores  of  the  Malvern  ranges  and  their  continuation 
near  Abberley.      The  theory  that  steep  mountain  ranges  existed 
here    in    early    Permian    times,    with    overfolding    and    over- 
thrusting    like    those    of   Alpine    regions,    was    startling;   and 
the  view  that  the  Permian  breccia  was  probably  the  scree  of  over- 
thrust  Archaean  masses  once  overlying  the  Silurian  here,  but  now 
wholly  vanished,  seemed  to  many  more  like  a  fairy  tale  than  sober 
geological  inference.     The  top  of  Abberley  Hill  gave  a  fine  view 
towards  the  Malvems,  Radnor,  Shropshire,  and  Wales ;  but  the 
most  curious  feature   was  perhaps  the  horse-shoe  shape  of  the 
hill  itself,  resulting  from  the  superposition  of  a  north-east  ripple 
on  the  dominant  N.  and  S.  waves  of  the  Malvern  Range. 

In  the  evening  a  large  party  assembled  at  the  Grand  Hotel, 
and  the  customary  votes  of  thanks  to  the  Directors  and  those  who 
had  otherwise  contributed  to  the  success  of  the  excursion  were 
passed. 

Theexcursion  to  Dudley  on  Wednesday,  August  2,rd,  was  of  a  kind 
quite  unusual  to  the  Association.  By  Mr.  Claughton's  kindness, 
after  the  party  had  traversed  the  Castle  Hill,  and  had  the  geology 
of  the  neighbourhood  explained  to  them  from  the  summit,  they 
embarked  in  a  limestone-barge  and  traversed  the  subterranean 
canal,  excavated  through  the  Silurian  rocks  which  connect  the 
Castle  Hill  and  the  Wren's  Nest  underneath  the  surface  covering 
of  Coal  Measures.  The  weather  broke  somewhat  on  this  day, 
but  the  showers  were  a  matter  of  indifference  to  the  members 
underground,  and  it  was  only  after  they  reached  the  surface  again 
that  they  were  at  all  inconvenienced.  Passing  out  of  the  canal, 
the  party  emerged  into  one  of  the  groups  of  caverns  formed  by 
the  excavation  of  the  limestone  for  smelting  and  burning.  This 
was  brightly  lighted  up  with  hundreds  of  candles  ;  and  after 
Professor  lapworth  had  given  an  account  of  the  geology  of  the 
hill  as  related  to  the  industries  of  the  surrounding  districts,  so  far 
as  they  are  dependent  on  the  geology,  the  effect  of  the  caverns  was 
enhanced  by  the  use  of  coloured  lights.  When  the  surface  was 
reached,  the  geologists  found  a  choice  collection  of  Coal 
Measure  plants  obtained  in  the  neighbourhood,  and  from  this 
they  were  able  to  purchase  such  examples  as  they  wished.  Next, 
they  collected  specimens  of  brachiopods  and  corals  from  the 
Upper  Ludlow  Beds.  Then,  as  the  rain  began  ac;ain  in  a  business- 
like fashion,  the  party  walked  from  the  Wren's  Nest  to  the 
Priory,  in  answer  to  Mr.  Claughton's  kind  invitation.  Here  they 
were  most  hospitably  entertained,  and  after  they  had  expressed  their 
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thanks  to  Mr.  Claughton  for  his  goodness  to  them  throughout 
the  entire  day,  the  members  of  the  Association  made  their  way 
to  the  railway  station.  On  the  way  Dr.  Fraser  distributed 
a  series  of  duplicate  fossils  from  his  own  fine  collection,  and 
the  party  closed  its  week's  work  with  a  vote  of  thanks  to  Mr. 
Meeson,  whose  work  as  Excursion  Secretary  had  done  so  much 
to  make  the  whole  excursion  a  success. 


EXCURSION  TO  HILLMORTON  AND  RUGBY. 

Saturday,  May  7TH,  1898. 

Director:  Beeby  Thompson,  F.G.S.,  F.C.S. 
Exairsion  Secretary :  W.  P.  D.  Stebbing,  F.G.S. 

(^Report  by  THE  DIRECTOR.) 

Of  the  members  who  availed  themselves  of  this  excursion, 
those  coming  from  London  reached  Northampton  about  10.55 
a.m.,  and  others  joined  later  on  at  Kilsby  Station,  Hillmorton, 
and  Rugby  respectively.  From  Kilsby  and  Crick  Station  a 
walk  of  about  if  miles  brought  the  party  to  the  first  section  to 
be  visited,  that  near  Hillmorton. 

Red-Bank  Brick-works. — These  brick-works,  visited  by  per- 
mission of  the  proprietor,  Mr.  Young,  of  Rugby,  are  situated  to 
the  east  of  Hillmorton  village.  It  is  a  comparatively  new  section 
of  Lower  Lias  that  is  worked,  and  no  fossils  have,  so  far,  been 
found  to  indicate  the  zone.  Attention  was  particularly  called  to 
the  capping  of  coarse  gravel,  and  to  the  inclination  of  the  clay 
surface  to  the  north  at  the  northern  boundary  ot  the  excavation. 

Hillmorton  SandPits. — A  few  yards  only  separates  the 
last-named  section  from  the  very  extensive  sand-pits  owned  and 
worked  by  the  London  and  North-Western  Railway  Company. 
These  pits  were  visited  by  permission  of  Mr.  W.  H.  Williams, 
of  Watford.  The  following  interesting  characteristics  were 
pointed    out : 

The  excavation  now  exposed  is  about  50  feet  vertical  at  the 
eastern  end,  and  consists  of  sand  and  gravel,  but  the  sand  has 
been  proved  within  the  limits  of  the  workings  for  another 
T  30  feet;  thus  the  sand  and  gravel  are  together  about  180  feet 
thick.  Water  is  found  within  2  feet  of  the  present  working  level, 
and  some  few  years  back  the  L.  and  N.-W.  Ry.  Co.  bored  145 
feet  with  the  object  of  procuring  a  supply,  but  the  quantity 
available  was  too  small  to  be  of  service.  Mr.  R.  Lowe,  district 
superintendent,  to  whom  we  are  indebted  for  some  of  these 
particulars,  informed  us  that  15  feet  below  the  present  working 
level  the  sand  becomes  darker  in  colour. 

The  upper  part  of  the  exposed  section  consists  of  some  8  to 
November,  1898.] 
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-HO  feet  of  coarse  gravel,  which  rests  unconformably  on  the  sand 
(or  on  an  older  gravel)  as  it  does  on  the  clay  in  the  brick-yard. 
This  very  distinct  separation  of  the  two  sets  of  deposits  was  best 
seen  in  a  small  sand  pit  nearer  to  the  village  of  Hillmorton. 

The  sand  rests  against  the  northern  face  of  a  highly-inclined 

<:liif  of  clay,  for  the  boring  proving  such  a  great  depth  of  sand  is 

c^uite  near  to  the  Red-Bank  brick-works  ;  and  Mr.  Low  said  that 

once,  when  a  slip  of  the  sand  from  the  face  of  the  clay  occurred, 

the  clay  was  like  a  wall ;  moreover,  the  slope  of  the  clay  in  the 

brick-yard,  towards  the  sand-pits,  was  once  measured,  and  found 

to  be  25  degrees.* 

Towards  the  eastern  end  of  the  excavation  it  is  very 
noticeable  how  the  material  becomes  coarser,  until  at  the 
dead  end  the  whole  50  feet  would  be  better  described  as 
gravel  than  sand.  Westward,  along  the  face  of  the  excavation, 
were  seen  long  stretches  of  finely-bedded  and  of  false-bedded 
sand,  with  here  and  there  long  thin  bands  of  clay  or  of  car- 
bonaceous matter ;  less  frequently  lenticular  patches  of  gravel 
occurred.  The  general  dip  is  to  the  north-west,  the  angle,  how* 
ever,  being  small. 

In  explanation  of  the  phenomena  observed,  the  following 
propositions  by  the  Director  seemed  to  receive  the  assent  of  the 
members  present :  (a)  that  the  sand  (or  gravel)  occupies  a  former 
depression  in  the  Lower  Lias  of  the  district ;  (fi)  that  it  is  a  true 
glacial  deposit,  in  the  sense  that  only  the  rapid  melting  of  snow 
or  ice  could  account  for  the  long-continued  and  violent,  though 
restricted,  floods  to  which  the  deposit  is  due,  as  well  as  the 
varied  character  of  the  material ;  (c)  that  the  torrents  which 
brought  the  gravel,  sind,  and  clay  came  from  the  north  or  north- 
•'  east,  and  spent  a  large  portion  of  their  energy  upon  a  barrier 
formed  by  the  high  ground  north  of  Kilsby  and  extending 
through  Hillmorton  towards  Dunchurch ;  (d)  that  the  chief  point 
of  impact  lay  to  the  eastward  of  Hillmorton,  in  the  direction  in 
which  the  sand  so  rapidly  passes  into  gravel :  (e)  that  this  line  of 
impact  was  ultimately  breached  (or  overtopped)  by  the  torrents, 
in  places,  one  being  just  about  where  there  is  now  a  depression 
bridged  by  the  railway  and  cut  through  by  the  Oxford  Canal,t 
and  some  of  the  gravel  poured  through  this  vent  into  the  valley 
now  occupied  by  the  Rains  Brook.  This  rounding  of  the  Hill- 
morton ridge  by  the  gravel  is  well  seen  to  the  east  of  Red-Bank 
brick-works,  lower  down  the  hill  towards  the  canal  wharf; 
(/)  that  one  main  flow  of  water,  diminishing  in  velocity,  was 
approximately  that  of  the  present  Clifton  Brook,  the  diminished 

•  ThU  banking  of  drifts  against  the  northern  side<  of  hills  has  been  noted  before,  see 
Ceohif  of  the  London  Extension  of  the  Manchester.  Sheffield^  and  Lincolnshire  Railway, 
Pt.  I,  by  C.  Fox-Sirangways,  F.G  S.,  Geol.  .Va^.,  Dec.  IV,  vol.  iv,  March,  1837, 
pp.  54  and  56. 

t  Another  breach  was  probably  between  Crick  and  Kilsby,  cutting  through  the  south- 
eastern end  of  Kilsby  tunnel,  the  material  extending  and  expanding  io.%ard>  Wclton  and 
Daventr>'. 
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velocity  being  made  apparent  by  the  deposit  of  sandy,  contorted 
Boulder  Clay  near  to  Rugby,  visited  later  in  the  day. 

The  Central  Brick-yard,  Hillmorton. — This  section  was 
next  visited,  by  permission  of  the  proprietor,  Mr.  Rathbone,  and 
a  number  of  fossils  obtained  indicative  of  the  "  Armatus  "-zone, 
the  chief  being  Ammonites  planicosta^  A,  densinodus,  and  A, 
trivtalis. 

After  a  rest  of  half-an-hour  for  luncheon  at  Hillmorton,  the 
party  proceeded  to  Mr.  SatchelFs  brick-yard,  about  half-a-mile 
towards  Rugby.  The  pit  was  too  wet,  owing  to  recent  rains,  to 
permit  of  an  examination  of  the  clay  itself,  but  some  fossils 
indicative  of  three  zones  of  the  Lower  Lias,  were  obtained : 
Ammonites  densinodus  and  A,  planicosta  from  the  "  Armatus  "- 
zone;  A,  raricostatus zxxd.  A,  tardecrescens  from  the  "Raricostatus"- 
zone  ;  and  A,  bifer  and  A.  oxynotus  from  the  "  Oxynotus  "-zone. 

Great  Central  Railway. — From  SatchelFs  pit,  a  walk  of  a 
quarter-of-an-hour,  brought  the  party  to  the  Great  Central  Railway, 
where  it  intersects  the  Hillmorton  and  Ehmchurch  road.  Only  a 
very  small  portion  of  the  slopes  had  not  been  grassed  over,  but 
this  small  portion  permitted  of  an  hour's  collecting  from  the 
"Oxynotus"-  zone,  Ammonites  oxynotus^  A,  bifer ^  A,  polymorphus^ 
Gryphcea  cymbium^  Hippopodium  ponderosum,  Spiriferina  walcottiy 
and  a  few  gasteropods,  being  the  more  noticeable  fossils  found. 

Walking  towards  Rugby,  Mr.  A.  W.  Casson,  the  Resident 
Engineer  for  this  portion  of  the  line,  pointed  out  a  small 
temporary  excavation,  from  which  was  obtained  Ammonites  tumeric 
A,  semicostatuSy  etc.,  indicative  of  the  **Turneri"-  or  "Semi- 
costatas"-zone. 

Contorted  Boulder  Clay. — A  little  nearer  to  Rugby  there  was 
an  exposure  of  a  considerable  thickness  of  Boulder  Clay.  This 
is  a  brownish  material  which  looks  like  and  cuts  like  a  clay  when 
wet,  but  is  far  more  like  a  soft  grey  sandstone  when  dry,  easily 
crumbling  in  the  fingers.  It  is  a  compound  of  sand  and  clay,  the 
two  materials  being  mixed  up  in  the  most  erratic  manner,  giving 
a  peculiar  and  pretty  contorted  appearance  when  half  dry.  As  a 
rule  this  clay  is  free  from  any  derived  material — either  rock  or 
fossil — that  can  be  identified,  but  here  and  there  patches  of 
gravel  have  been  found  in  it  containing  a  varied  collection  of 
pebbles  and  rolled  fossils ;  at  other  places  only  masses  of  small 
fragments  of  chalk  occur. 

This  Boulder  Clay,  like  the  sands  of  Hillmorton, 
rests  on  the  northern  side  of  an  inclined  face  of  Lower  Lias 
Clay,  except  that  a  few  feet  of  blue  Boulder  Clay  with 
local  Lower  Lias  fossils  in  abundance  is  interposed,  this  latter 
material  being  little  more  than  the  disturbed  upper  layers  of  the 
Lias  beds  on  which  it  rests. 

The  contorted  Boulder  Clay  is  of  considerable  thickness,  and 
everything  seems  to  point  to  its  being  a  contemporaneous  and 
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continuous  deposit  with  the  Hillmorton  Sands,  being  laid  down 
in  water  the  velocity  of  which  had  been  considerably  checked  by 
a  land  barrier  which  it  was  unable  to  surmount.  The  small' 
icebergs  which  would  certainly  accompany  flood  water  derived 
from  the  rapid  melting  of  ice  was  probably  the  cause  of  the  con- 
tortions, by  acting  on  the  soft  freshly-deposited  mixture  of  mud 
and  sand ;  and  the  stranding  of  such  icebergs  would  account  for 
the  occurrence  of  isolated  patches  of  gravel. 

Rugby  Portland  Cement  Co.'s  Works. — A  walk  of  about 
i^  miles  through  Rugby  and  New  Bilton  brought  the  members  ta 
the  large  quarry  in  the  Lower  Lias  Limestones.  Here  they  were 
xnet  by  Mr.  Brooks,  the  manager,  and  Mr.  Edyvean-Walker,  the 
proprietor,  who  kindly  invited  them  to  partake  of  refreshments 
before  going  into  the  quarry. 

The  excavation  is  through  the  "  Bucklandi "  and  "  Angulatus  " 

zones,  and  is  considered  to  be  the  finest  inland  section  of  Lower 

l^ias  Limestones  in  the  country.      Attention  was  called  to  the 

beautiful   banded  appearance,  which  is  supposed  to  have  given 

to  the  whole  formation  the  name  of  Lias,  a  corruption  of  the 

word  layers.     The  entire  absence  of  Boulder  Clay  or  sand  on  the 

clay  was  pointed  out,  though  the  never-failing  gravel  capping  was 

present.     Passing  through  a  connecting  tunnel  under  the  railway, 

a  second  excavation  was  examined,  where  what  appeared  to  be  a 

triangular  pocket  of  sand,  though  only  one  side  could  be  seen, 

extended  to  the  base  of  the  workings.     The  depression  here  is 

no  doubt  of  pre-Glacial  origin,  and  the  sand  of  the  same  age  as 

that  at  Hillmorton. 

There  was  no  time  for  a  detailed  examination  of  this  extensive 
section,  and  very  little  for  the  collection  of  fossils ;  but  those 
who  carried  away  large  specimens  of  Lima  gigantea  no  doubt 
quite  realised  the  fact  that  fossils  were  to  be  found  by  the  time 
they  reached  Rugby  Station. 

Lieut-General  McMahon,  on  behalf  of  the  Association, 
thanked  Mr.  Edyvean-Walker  for  his  courtesy  and  hospitality. 

Rugby  and  Newbold  Cement  Works. — From  the  last 
section  a  walk  of  about  a  mile  brought  the  company  to  the 
Rugby  and  Newbold  Cement  Works.  This  excavation  shows  a 
face  very  much  resembling  the  one  at  New  Bilton,  viz.,  frequent 
alternations  of  clay  or  shale  and  limestone,  giving  a  strikingly 
banded  appearance  to  the  section,  which,  judging  by  this  and  the 
fossils  seen,  evidently  belongs  to  the  Buck/andi-zone.  The  chief 
point  of  interest  here,  however,  was  the  sharp  anticline  shown  on 
the  north-eastern  side  of  the  pit.  Mr.  A.  M.  Hurst,  by  whose 
courtesy  the  section  was  examined,  said  that  this  anticline  had 
been  traced  for  about  a  mile,  that  the  stone  in  it  was  not  only 
more  difficult  lo  get,  but  when  got  was  very  inferior  in  quality  for 
cement-making  purposes — "  the  virtue  had  been  taken  out  of  it." 
This,  of  course,  rather  points  to  its  being  due  to  some  sudden 
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lolent  movement,  but  bearing  in  mind  the  sharpness  of  the 
urves,  and  their  small  lateral  extension,  it  was  considered  it  could 
lot  be  due  to  upheaval  from  below,  but  rather  indirectly  to  relief 
>f  pressure  from  above.  Some  photographs  were  taken  of 
he  anticline.  The  plate  which  is  here  reproduced  is  from 
At.  H.  B.  Woodward's  "Jurassic  Rocks  of  Britain"  (vol.  iii, 
>.  164,  Mem.  Geo/,  Survey),  kindly  lent  by  the  Director-General  of 
he  Geological  Survey.  It  is  from  a  photograph  by  Mr.  J.  D.  Paul^ 
tnd  shows  the  anticline  rather  better  than  it  can  be  seen  now. 
V  considerable  quantity  of  water  percolates  through  the  limestones 
n  the  lower  part  of  the  excavation  ;  Mr.  Hurst  said  about  1 2,000 
gallons  per  hour. 

From  the  Newbold  Quarry  a  walk  of  about  a  mile  brought  the 
Murty  to  Rugby  Station,  where  a  well-earned  meal  was  partaken 
)f.  Lieut.-General  McMahon  proposed  a  vote  of  thanks  to  the 
Director,  which  was  carried  unanimously.  The  return  journey  to 
London  was  made  by  the  6.47  train  from  Rugby. 

Note. — Since  the  Excursion  on  May  7th  I  have  been  reading  two  papers^ 
he  titles  of  which  stand  first  in  the  list  of  references  below,  and  these  lead  me 
o  believe  that  a  good  portion  of  the  plateaux  to  the  west  of  Hillmorton,  em- 
)Taced  by  a  curve  extending  round  to  near  Rugby  station,  is  made  up  of  the 
3rown  Boulder  Clay,  and  that  this  clay  may  have  been  deposited  in  a  kind  of 
3ay  out  of  the  main  track  of  the  water.  B.  THOMPSON. 
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Whitsuntide,  May  29TH  to  June  ist,  1898. 

Directors:  W.  Whitaker,  F.R.S.,  Pres.  G.S.  ;  F.  W.  Harmer, 

F.GS.;  and  E.  P.  Ridley,  F.G.S. 

Excursion  Secretary:  Bedford  McNeill,  A.R.S.M.,  F.G.S. 

{Report  by  F.  W.  HaRMER.) 

The  members  left  Liverpool  Street  Station  on  Saturday} 
May  29th,  by  the  11.45  ^*™*  ^^^'^  ^^^  Aldeburgh.  On  arrival, 
they  proceeded  to  the  Brudenell  Arms  Hotel,  the  head- 
quarters. 

A  short  excursion  was  made  during  the  afternoon  to  the 
hamlet  of  Slaughden,  half  a  mile  south  of  Aldeburgh,  to  inspect 
the  damage  caused  by  the  high  tide  of  November,  1897. 

It  will  be  seen  by  reference  to  the  map  (Fig.  i)  which,  with 
other  illustrations,  has  been  reprinted  from  a  paper  by  the 
writer,*  by  the  kind  permission  of  the  Council  of  the  Geological 
Society,  that  the  river  Aide  approaches  Slaughden  at  right 
angles  to  the  coast,  and  the  estuary,  of  which  the  present  stream 
is  the  shrunken  representative,  must  formerly  have  communicated 
with  the  sea  in  that  direction.  The  travel  of  the  beach,  which  on 
the  eastern  coast  of  England  is  from  north  to  south,  that  is,  in 
the  direction  of  the  currents  attending  the  flowing  tide,  caused, 
however,  the  accumulation  of  a  bank  of  shingle  across  the  mouth 
of  the  estuary,  and  this  bank  continuing  to  increase  in  the  same 
direction,  gradually  shifted  the  outfall  to  the  south.  At  present  the 
river  Aide  enters  the  sea  at  a  place  called  Shingle  Street,  8  or  9 
miles  from  Aldeburgh,  running  parallel  to  the  coast  between  the 
two  places,  a  nanow  belt  of  shingle-beach  and  salt  marsh  only 
intervening. 

The  high  tide  referred  to  transferred  great  quantities  of 
shingle  from  the  seaward  to  the  landward  side  of  the  bank, 
rolling  the  pebbles  over  its  crest,  shifting  the  position  of  the  bank 
westward,  and  causing  it  to  make  in  places  great  inroads  on  the 
adjoining  marshes.  A  number  of  buildings  that  stood  im- 
mediately behind  the  bank  were  wrecked  or  damaged  by  its 
advance. 

It  is  a  hundred  years  since  the  poet  Crabbe,  then  Rector  of 
Aldeburgh,  prophesied  such  a  calamity  in  the  following  lines, 
appropriately  quoted  by  Mr.  Monckton  from  "  The  Village  " : 

Till  some  fierce  tide,  with  more  imperious  sway, 
Sweeps  the  low  hut,  and  all  it  holds,  away. 

One  of  the  principal  objects  of  the  excursion  to  the  Aldeburgh 
district  was  an  examination  of  the  zone-theory  of  the  late  Sir 

•  Quart.  JcMm.  Geol,  Sac,,  vol.  liv,  p.  308,  1898. 
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— The  position  of  pii  30  should  have  been  indicateii  juM  below  Ihe  letter  K 

(in  "Kiln")  due  west  of  Aldeburgh. 
IRipriKltd  by  pirmiainn  from  Thi  Qaarlcrly  Jounut  a/  Ikt  Gtatogical  SocittyJ 


436       EXCURSION  TO  ALDEBURGH,  WESTLETON,  AND  DUNWICH. 

Joseph  Prestwich,   the  correctness  of  which  has  recently  been 
challenged  by  the  writer.*    It  has  been  held  by  all  authorities  to 
the  present  time  that  the  Coralline  Crag  may  be  divided  into  a 
lower    portion,   composed    of   whitish,    incoherent,    calcareous 
sands,  with  frequent  beds  of  shells,  and  an  upper  bed  of  indurated 
ferruginous  rock.      Prestwich   adopted  these   divisions,  but  he 
believed  that  the  lower  part  of  the  formation  might  further  be 
separated  into  five  distinct  and   continuous  zones,  representing 
great  physiographical  changes,  including  a  gradual  submergence 
of  the  Crag  area  to  a  depth  of  500  or  possibly  of  1,000  feet,  and 
alternations  of  climate  by  which  at  one  stage  the  winter  tempera- 
ture of  Northern  Europe  became  sufficiently  cold  to  bring  floating 
ice  from  Scandinavia  or  the  Ardennes  to  the  shores  of  England. 
The  writer  has  given  in  the  paper  already  referred  to  the  reasons 
which  induce  him  to  differ  from  these  views.      So  far  from  admit- 
ting that  the  Coralline  Crag  can  be  divided  into  a  number  of 
zones,  he  now  believes  that  the  distinction  between   the  shelly 
sands  of  Gedgrave  and  Sudbourne,  and  the  ferruginous  rock  of 
Iken  and  Aldeburgh,  is  more  apparent  than  real,  and  that  the  one 
is  merely  an  altered  condition  of  the  other.     With  the  exception 
of  that  of  the  basement  bed,   the  material  of  the   Coralline 
Crag  is  practically  identical  throughout,   being  almost    entirely 
organic,  formed  of  the  comminuted   remains   of  polyzoa   and 
mollusca,  with  seams  of  perfect  specimens  of  such  organisms, 
and  it  must  all,  therefore,  have  originated  under  similar  conditions ; 
probably  as  a  bank,  in  water  of  no  great  depth,  parallel  to  the 
western  shore  of  the  Crag  sea,  and  at  no  great  distance  from  it. 
The  molluscan  remains  are,  with  very  few  exceptions,  the  drifted 
shells  of  dead   animals  only,  differing  in  this  respect  from  the 
contemporaneous  Isocardia-heds  of  Antwerp,  which  represent  an 
undisturbed  sea-bottom,    the  lamellibranchiate  fossils  of  those 
beds  being  always  found  double,  and  never  arranged  in  layers  as 
in  the  Crag.      It  seems  probable  that  the  Coralline  Crag  banks 
were  due  to  currents  from  the  south-west  flowing  through  a  strait 
that  connected  the  North  Sea  with  the  English  Channel,  which 
deposited  little  sediment  where  they  ran  strongly,  but  swept  up 
from  the  sea-bottom  the  shells  of  mollusca  living  on  it,  depositing 
them  afterwards  in  comparatively  sheltered  situations  where  the 
influence  of  the  current  was  less  feltf      Similar  conditions  now 
obtain  off  the  coast  of  Antrim  and  at  the  southern  end  of  the  Isle 
of  Man.     An  interesting  proof  of  the  identity  of  the  two  kinds  o( 
Coralline  Crag  was  pointed  out  in  pit  No.  27,  at  the  Brick  Kiln 
Farm  at  Iken,  visited  on  the  30th  (see   Map,  p.  435)>  where 
a  lenticular  patch  of  the  deposit   in   its  unaltered   condition, 
crowded  with  perfect  shells  like  those  of  the  sands  at  Gedgrave 
and  elsewhere,  occurs  in  the  midst  of  a  mass  of  the  indurated 


•  Quart.  Joum.  Geol.  Soc.^  vol.  liv,  p.  508,  1898. 

t  The  writer's  views  as  to  the  geographical  conditions  under  which  the 
\y  have  originated  are  shown  in  the  accompanying  map  (Tig.  3). 
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which  has  at  the  same  time  dissolved  a  portion  of  the  ( 
usually  present  in  the  shelly  sands,  and  produced  the  fe 
and  indurated  condition  of  the  altered  Crag. 

In  pit  No.  34,  seams,  a  few  inches  in  thickness,  of  1 
ing  polyzoa  were  noticed,  extending  horizontally  a< 
section.  It  is  su^ested  that  these  seams,  which  occur 
only,  were  due  to  the  temporary  diversion  of  currents, 
the  accumulation  of  comminuted  material  ceased  (or 
certain  spots,  so  that  polyzoa  could  there  establish  th 
but  they  would  afterwards  be  smothered  and  unable  to  e 
the  returning  currents  brought  over  them  again  a  nen 
the  fine  calcareous  mud. 

At  pit  25,  now  obscure,  the  position  of  the  overl; 
Crag  was  pointed  out,  and  at  ihe  disused  brick-field,  at 
of  Chillesford  Clay  was  observed  at  one  f>art  of  the  sectii 

Monday,  May  31st,  was  devoted  to  the  examinatic 
exposures  near  Aldehurgh.  Commencing  the  day's  exc 
the  pumping -station  of  the  Water  Works  Co.,  where  the 
ments  for  supplying  the  town  with  water  were  explained, 
visited  successively  pits  30,  34,  31,  and  33,  where  a  ni 
specimens  of  polyzoa,  some  echinoderms,  and  many 
moUusca  were  obtained.  Mr.  P.  F.  Kendall  pointed  1 
years  ago  *  that  the  preservation  of  the  polyzoa,  and 
mollusca  such  as  Pecten,  Mytitus,  and  Terebratula, 
indurated  Crag  was  due  to  the  fact  that  the  shells 
organisms  are  composed  of  carbonate  of  lime  in  the 
calcite ;  aragonite,  of  which  the  tests  of  most  mollusc 
being  more  readily  acted  on  by  water  containing  carboni 

At  the  Aldehurgh  brick-pit,  where  the  section  wa 
graphed,  a  fine  exposure  of  the  laminated  clays  of  the 
ford  Beds    was    seen.      It   was    pointed    out    that   t 
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The  section  (Fig.  3)  shows  the  structure  of  the  Coralline 
Crag  according  to  the  writer's  views.  From  borings  recently 
made  by  him,  which  are  shown  in  the  section  by  vertical  lines, 
it  appears  that  the  formation  dips  regularly  to  the  north  between 
Gedgrave  and  Sudbourne,  as  it  does  from  Sutton  to  Gedgrave. 
It  is  about  60  feet  in  total  thickness  at  Sudbourne  Park,  where 
the  unaltered  shelly  sands  and  the  upper  ferruginous  rock  bed  are 
both  exposed.   At  Aldeburgh  and  Iken  the  rock  bed  only  is  visible. 

A  pleasant  interlude  to  the  more  serious  business  of  the  day 
was  a  visit  to  the  garden  of  the  hospitable  Chairman  of  the 
Aldeburgh  Water  Works  Co.,  Mr.  Jas.  Flintham,  where  refresh- 
ments were  kindly  provided,  a  compliment  which  was  happily 
acknowledged  by  Mr.  E.  T.  Newton  in  an  appropriate  speech. 

The  day's  excursion  was  brought  to  a  close  by  a  visit  to  the 
ancient  Town  Hall,  a  quaint  and  interesting  building  of  the 
Tudor  period,  where  some  old  maps  of  Aldeburgh  are  preserved. 

The  pit  of  Norwich  Crag  formerly  existing  near  the  Gas 
Works  is,  unfortunately,  no  longer  accessible. 

After  dinner,  on  the  motion  of  Mr.  E.  T.  Newton,  votes  of 
thanks  to  the  Directors  and  to  Col.  S.  W.  Smythe  and  Mr. 
Joseph  Flintham  were  passed  with  much  enthusiasm. 

Tuesday^  June  ist^  carriages  were  provided  to  take  the 
party  to  Westleton  and  Dunwich.  The  route  led  over  the 
higher  ground,  covered  with  the  Middle  Glacial  Sands  and 
the  overlying  Chalky  Boulder  Clay ;  but  as,  unfortunately,  rain 
fell  during  this  part  of  the  journey,  no  opportunity  of  examining 
these  deposits  could  be  found.  Soon  after  reaching  Westleton, 
the  weather  improved,  and  a  visit  was  paid  to  the  famous  gravel 
pits  on  the  Heath,  first  described  by  Prestwich.  The  beds 
there  shown  are  composed  almost  wholly  of  flint,  as  is  the 
shingle  beach  of  Slaughden^  but  they  contain  also  an  insignificant 
percentage  of  small  pebbles  of  quartz,  jasper,  and  lydian  stone. 
These  gravels  may  be  traced  to  the  cliff  at  Dunwich,  where  they 
rest  on  the  Crag  sands,  and,  in  the  writer's  opinion,  to  Henham, 
Halesworth,  Southwold,  and  still  further  to  the  north.  Mr. 
A.  E.  Salter,  who  has  paid  much  attention  to  the  subject,  observed, 
however,  that  in  his  opinion  some  at  least  of  the  .Southwold 
gravels  are  of  different  ag<*.  According  to  Prestwich,  the  Westleton 
Beds  agree  lithologically  with  the  gravels  which  fringe  the 
northern  side  of  the  Thames  Basin,  the  latter  being  probably 
drifts  arranged  round  the  various  gaps  in  the  high  ground  of  the 
district.  Mr.  H.  B.  Woodward  observed  that  no  fossils,  belong- 
ing to  the  formation,  had  ever  been  found  in  the  Westleton 
Shingle  of  Westleton,  and  he  regarded  the  deposit  as  forming 
part  of  the  "  Middle  Glacial "  beds  of  East  Arglia.* 

*  See  Geoi.  Ma^.,  i88»,  p.  455,  and  18^,  p.  ^57.  The  specimens  referred  to  by 
Prestwich,  Quart.  Joum,  Geol.  Soc  ,  vol.  xlvi,  p.  p6  (footnote),  were  in  my  opinion  procured 
from  the  Norwich  Crag  beneath  the  Westleton  Shingle  — H.  B.  W. 
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At  Dunwich  the  party  was  met  by  Mr.  Ed.  Liagwood  of  that 
place,  whose  picture  in  this  year's  Academy  has  been  much 
admired,  both  from  an  artistic  and  a  geological  point  of  view. 
Guided  by  him,  a  short  cut  was  taken  across  some  fields  to  the 
cliff,  where  nn  unusually  good  section  presented  itself,  thanks  to 
(be  high  tide  of  last  autumn.  The  Westleton  Beds  are  shown 
cutting  into  "  the  unfossiliferous  sands  of  the  Crag,"  here  decalci- 
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lied  by  infiltration,  and  for  the  most  part  stained  a  bright  orange 
colour.  The  lower  part  of  the  Crag,  in  an  unaltered  condition 
and  full  of  fossils,  is  now  well  exposed  at  the  base  of  the  cliff, 
and  it  is  to  be  hoped  that  collectors  will  not  lose  the  opportunity 
of  adding  to  the  list  of  mollusca  from  this  part  of  the  Norwich 
Crag  series. 

After  lunch,  many  of  the  members  visited  Mr.  Lingwood's 
studio,   and   inspected    his   collection   of   coins   and  a  varied 
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assortment  of  articles  found  on  Dunwich  beach,  and  many  other 
objects  of  interest. 

A  discussion  ensued  between  Mr.  Whitaker  and  the  writer  as 
to  the  relation  of  the  Norwich  Crag  of  Dunwich  to  the  Red 
Crag,  the  former  gentleman  being  disposed  to  regard  the  two 
deposits  as  more  or  less  contemporaneous.  In  opposition  to 
this  view,  it  was  urged  that  whereas  the  different  stages  of  the 
Red  Crag  are  characterised  by  a  gradual  disappearance  of  many 
of  the  extinct  and  southern  species  present  at  Walton-on-the- 
Naze,  the  oldest  part  of  that  formation,  a  number  of  them  linger- 
ing on  until  the  latest  or  Butley  stage,  that  these  forms  had,  with 
but  few  exceptions,  disappeared  altogether  from  the  North  Sea 
before  the  deposition  of  the  Norwich  Crag.  The  fauna  of  the  latter 
presents  a  more  decidedly  modern  and  more  boreal  facies  than 
does  that  of  the  Red  Crag,  and  its  characteristic  species  are 
fewer  in  number.  The  Norwich  Crag  beds  contain,  moreover, 
abundantly  one  arctic  form,  Astarte  boreaiiSy  which  has  never 
been  found  in  the  Red  Crag,  and  another,  TeUina  lata^  which  is 
exceedingly  rare  in  the  latter  formation. 

At  Southwold,  only  four  miles  from  Dunwich,  a  boring 
showed  that  the  Crag  extends  to  a  depth  of  more  than  loo  feet 
below  the  sea  level,  and  that  it  has  a  total  thickness  of  147  feet. 
The  fossils  obtained  from  this  boring  were  all  distinctly  of  the 
Norwich  Crag  type,  and  there  is  no  evidence,  either  at  Southwold 
or  elsewhere  in  the  district,  that  beds  of  Red  Crag  underlie  those  of 
Norwich  Crag  age.  The  latter,  however,  belong  to  the  same  set  of 
conditions  as  the  former,  marking  merely  a  more  recent  stage  of  the 
newer  Pliocene  period.  In  the  writer's  opinion  the  beds  of  the 
Upper  Crag  are  arranged  for  the  most  part  in  horizontal  rather 
than  in  vertical  sequence,  and  are  the  marginal  accumulation  of 
a  sea  gradually  retreating  northwards,  in  consequence  of  the 
earth  movements  traced  out  in  his  paper  on  the  Pliocene  deposits 
of  Holland.* 

A  walk  along  the  beach  towards  the  inn  showed,  inter  alia, 
the  remains  of  an  old  well,  a  relic  of  the  once  important  town  of 
Dunwich,  and  a  small  patch  of  almost  decalcified  Chalky  Boulder 
Clay. 

After  lunch  at  the  Barne  Arms,  carriages  were  again  in 
request,  and  Darsham  Station  was  reached  in  good  time  for  the 
train  for  London,  bringing  only  too  quickly  to  a  close  an  exceed- 
ingly pleasant  and  successful  excursion. 
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ORDINARY  MEETING. 

Friday,    May    6th,   1898. 

J.  J.  H.  Teall,  M.A.,  F.R.S.,  President,  in  the  Chair. 

Miss  G.  E.  Robinson,  John  W.  Grime,  and  Thomas  Draper 
were  elected  members  of  the  Association. 

A  paper  was  read  by  Mr.  Horace  B.  Woodward,  F.R.S., 
F  G.S.,  entitled  "  Notes  on  Skye,"  and  was  illustrated  by  lantern 
slides,  maps,  and  specimens. 

Mr.  A.  Strahan,  M.A ,  F.G.S.,  then  gave  a  lucid  account  of 
his  observations  in  Lapland,  dealing  more  especially  with  the 
Raised  Beaches  and  with  the  glacial  phenomena  of  Palaeozoic  and 
Pleistocene  age  in  the  Varanger  Fjord.  His  remarks  were  illus- 
trated by  lantern  slides. 


ORDINARY  MEETING. 

Friday,    June    3RD,    1898. 

J.  J.  H.  Teall,  M.A.,  F.R.S.,  President,  in  the  Chair. 

The  following  were  elected  members  of  the  Association: — 
D.  A.  Louis,  Miss  Mary  S.  Johnston,  Malcolm  Poignand,  M.D., 
and  Martin  A.  C.  Hinton. 

A  paper  was  read  by  Mr.  A.  Smith  Woodward,  F.L.S.,  F.G.S., 
on  **  Fossil  Sharks  and  Skates,  with  special  Reference  to  those  of 
the  Eocene  Period." 
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EXCURSION  TO   GODALMING. 
Saturday,  June  iith,  1898. 

Director:    Thomas   Leighton,   F.G.S. 
Excursion  Secretary:  A.  C.  Young,  F.C.S. 

{Report  by  the  DIRECTOR.) 

The  party  arrived  at  Godalming  Station  at  3.30  p.m.,  and  walked 
at  once  to  Busbridge  Park.     The  Director  stated  that  just  thirty- 
years  ago  the  Association  published  Mr.  C.  J.  A.  Meyer's  paper 
on  the  Lower  Greensand  of  Godalming.     The  chief  facts  upon 
which  the  author  of  that  paper  relied  would  be  examined  during 
the    excursion,    and    although    no    publication    had    brought 
greater  credit  to  the  Association,  the  present  occasion  was  in  fact 
the  first  official  visit  to  the  district.   The  Lower  Greensand  country 
to  the  south  of  Guildford,  about  Littleton  and  Chilworth,  also  dealt 
with  by  Mr.  Meyer  in  his  paper,  has  frequently  been  visited  by  the 
Association.  The  relations  of  the  different  horizons  upon  which  Mr» 
Meyer  relies  are,  however,  not  now  well  shown  there,  and  the 
geology  of  that  district  is  complicated  by  an  anticlinal  fold.     In 
the  district  to  the  south  of  Godalming  the  various  horizons  can 
be  examined  in  succession  between  the  town  and  the  escarpment 
of  the  Lower  Greensand.     Throughout  this  area  the  normal  dip  is 
to  the  north  in  conformity  with  that  of  the  Weald  axis,  but  near 
Godalming  some  local  southerly  dip  occurs,  so  that  the  surface  of 
the  dip-slope  between  Hambledon  and  Busbridge  is  almost  entirely 
occupied  by  the  Bargate  and  underlying  so-called  Sandgate  Beds* 
The    party  entered    Busbridge    Park    by  the    public    foot- 
path, on  the  right  hand  of  which,  over  the  lower  lake,  a  good 
section  of  Bargate  Stone,  with  underlying  light-coloured  sands, 
containing  Bargate  pebbles,  was  examined.     Some  specimens  of 
Terebratella  Jittoni,  Meyer,  were  seen  in  the  stone  and  sands, 
and  the  Director  stated  that  he  had  never  visited  the  locality  without 
finding  a  few.     The  spring  which  supplies  water  to  the  lake  was 
then  examined,  and  the  proof  thus  afforded  of  the  presence  of 
clay  beds  below,  insisted  upon.     Passing  along  the  north  side  of 
the  lake,  the  lane  section  to  the  west  of  Busbridge  Park,  on  the 
northern  slope  of  the  same  valley,  was  next  visited.     This  section 
shows  an  extensive  thickness  of  the  Bargate  Stone  and  Pebble 
Beds,    with     the    usual    indications    of    clay  below    (springs)* 
Specimens  of  Terebratella  Jittoni  ^^oxt  found  in  the  Pebble  Sands, 
and  the  presence  of  chert,  compact  building  stone,  and  other 
features  of  the  beds  were  pointed  out.     The  party  then  walked 
south  and  along  the  valley  to  Tuesley,  noting   the  continued 
outbreak   of  springs   on  the  way.      The   small   quarry  at   the 
November,  1898.] 


EXCURSION   TO  GODALMING. 


Kcrruginous  Sands,  n&  fossils 


Limestone  and  Chert 


PBcatulti  CarUtaniaua 

Ath-coloured  Sands 

■    Exagyra  sinuata 
BtltmntUs 

Argillaceous  Sand 


[ '  Bai^ie-stone  Beds. 
Pebble  Beds. 


Aah-coloured  Sand  &  Sand-  - 


SsS 


—Vertical    Section   of   the    Lower   Greensand   i 

GODALMING.— C.  y.  Miytr. 
Scalt— 80  feel  lo  I  inch. 


EXCURSION   TO  GODALMING.  447 

roadside  near  Tuesley,  rendered  celebrated  by  Mr.  Meyer's  work 
therein,  was  next  examined — the  bed  at  the  bottom  of  the 
section  from  which  most  of  the  fossils  were  obtained  is  not  now 
to  be  seen,  owing  to  the  rubbish  which  has  accumulated.  The  size 
of  the  pebbles  in  the  stone  beds,  and  the  extreme  false  bedding, 
were  pointed  out  here.  A  small  collection  of  derived  fossils, 
including  saurian  teeth,  fish  vertebne,  and  teeth  of  Acrodus, 
Gyrodus,  Hybodus^  Lamna^  and  Lepidotus^  from  Godalming  and 
the  near  neighbourhood  was  exhibited  by  Mr.  Coomara  Swamy. 

The  party  then  took  the  field  paths  direct  to  Hambledon, 
where,  in  the  hollow  lane  leading  through  the  Lower  Greensand 
escarpment,  the  clay  beds  which  throw  out  the  springs  at  Bus- 
bridge,  are  seen  over  the  sands  of  the  Hythe  Beds,  which  again 
overlie  the  Atherfield  Clay.  These  "  clay  "  beds  are  of  the  kind 
usually  recognised  as  Sandgate  Beds  when  they  occur  at  this 
horizon.  They  are  clayey  sands,  with  thin  layers  of  clay,  some- 
times almost  sandy  clays,  just  sufficiently  impervious  to  stay  the 
percolation  of  water.  Above  them  are  some  light-coloured  sands 
and  sandstones  without  pebbles,  which  Mr.  Meyer  also  classes 
with  the  Sandgate  Beds.  Below  the  argillaceous  beds  are  the  iron 
sands  of  the  Hythe  Beds  becoming  red  below  as  the  Atherfield 
Clay  is  approached  —  otherwise  quite  of  the  usual  character. 
Before  leaving  this  fine  section  the  Director  distributed  amongst 
the  party  reprints  of  the  vertical  sections  of  the  Lower  Green- 
sand  between  Dorking  and  Tilburstowhill  (Fig.  2),  from  his 
paper  upon  that  district,  which  the  Council  of  the  Association 
had  prepared  for  the  purpose.  The  Director  asked  the  party  to 
compare  the  position  of  the  Busbridge  and  Hambledon  clayey  beds 
with  that  of  the  Fuller's  Earth  at  Nutfield  and  Redhiil,  and  to  say 
whether,  if  the  Busbridge  and  Hambledon  clays  were  of  Sand- 
gate age,  they  could  possibly  lie  upon  the  same  horizon  as  the 
Nutfield  Fuller's  Earth,  when  the  former  were  below  the  Pebble 
Beds,  and  the  latter  above  them.  Last  year,  at  Redhiil,  this 
question  was  referred  to  at  the  excursion  to  that  district,  and  in 
reply  to  the  report  of  that  excursion  it  was  now  pointed  out,  that 
whilst  the  Nutfield  Fuller's  Earth  is  a  local  deposit,  fully 
important  enough  to  justify  anybody  "  in  considering  it  a  distinct 
division,"  nobody  is  justified  in  stating  that  division  to  be  the 
Sandgate  Beds,  which  occur,  if  at  all  at  Nutfield,  upon  a  lower 
horizon.  The  clayey  beds  of  the  Godalming  district  and  of  the 
Dorking  district  (both  below  the  pebble  beds)  are  very  similar  in 
lithological  character  and  modte  of  deposition  to  the  Sandgate  Beds 
of  Sandgate,  whilst  the  Fuller's  Earth  is  totally  different  to  all  three 
in  both  particulars.  At  Sandgate,  Dorking,  and  Godalming,  the 
origin  of  these  beds  must  be  the  same,  that  is,  the  deposits 
are  due  to  the  occasional  infiux  of  muddy  sediments  during  a 
period  of  the  deposition  of  sand.  The  origin  of  Fuller's  Earth 
has  never  been  fully  explained.    Mr.  Meyer  refers  it  to  atmospheric 
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dust  falling  into  extremely  still  water — a  theory  quite  in  accord 
with  the  resulting  deposit,  but  requiring  a  considerable  amount 
both  of  dust  and  time. 

The  party  then  returned  northwards  to  Godalming,  examining 
several  sections  along  the  road,  particularly  one  near  Busbridge 
Park,  showing  the  junction  of  the  Bargate  Stone  and  Folkestone 
Sand,  the  latter  in  its  lower  part  characterised  here  by  some 
remarkable  beds  of  Carstone. 
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EXCURSION  TO  CROWBOROUGH. 

Saturday,  June  i8th,  1898. 

Directors:  G.  Abbott,  M.R.C.S.,    and  R.  S.    Herries,  M.. 

Sec.  G.S. 

Excursion  Secretary:  A.  C.  Young,  F.C.S. 

{Report  by   R.  S.   Herries.) 

The  party,  which  numbered  between  forty  and  fifty,  left  LoncS  ^znn 
Bridge  Station  by  the  12.25  ^''^^'^  ^o^  Eridge.      On  arrival  tk-a.«>» 
walked  southwards  to  Boarshead,  where,  by  kind  permissiorm        of 
Mrs.  Gebhardt,  they  inspected  the  natural  rocks  which  stand  in    t  fae 
grounds  of  her  house,  known  as  "The  Rocks."      There  are  ta^re 
two    groups   of    rocks,   the   "Upper"    and   the   "Lower,"     \:>\xi 
whether   the  latter,  which  are  at  a  somewhat  lower  level    and 
several  hundred  yards  to  the  north,  belong  to  a  lower  horisco/j 
does  not  seem  quite  clear,  the  general  dip  of  the  bed  being  to  the 
north.      The  rocks  themselves,  as  Dr.  Abbott  pointed  out,  are  of 
the  same  character  as  the  High  Rocks,  Eridge  Rocks,  and   tbt 
other  well-known  examples  in  the  neighbourhood,  showing  the 
same   vertical  sides,  the  undercutting,  and  the  honey-com bi/J^, 
noticed  by  the  Association  on  previous  excursions.      They  are, 
however,  according  to  the  mapping  of  the  Survey,  in  the  Ashdoirn 
Sands ;    most    of  the   others    being    in    the   Tunbridge  V^'t\\% 
November,  1898.] 
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Sands.  Mr.  Hemes  suggested  that  some  revision  of  the 
mapping  of  this  district  might  be  found  necessary,  and  he  drew 
attention  to  a  fault  which  was  marked  on  the  newest  edition 
of  Sheet  5  running  E.  and  W.,  just  N.  of  Boarshead  Street. 
The  Wadhurst  Clay  was  here  represented  as  faulted  down  against 
the  Ashdown  Sands.  Should  the  rocks  turn  out  to  beTunbridge 
Wells  Sand  this  fault  would  not  be  necessary,  as  the  Wadhurst 
Clay  would  then  crop  out  to  the  south  in  the  natural  order  of 
succession.  Dr.  Abbott,  however,  suggested  that  the  "  Upper  " 
and  "  Lower  "  rocks  might  be  part  of  a  small  anticline,  as  there 
ijvas  evidence  of  the  former  dipping  south.  If  this  was  the  case, 
be  thought  the  mapping  was  probably  correct. 

The  road  was  then  followed  through  Steel  Cross,  with  a  long, 

steady  ascent  to  Crowborough  Cross,  where  there  are  clay  beds 

in  the  Ashdown  Sands,  now  being  worked  for  bricks.     Turning 

to  the  right,  a  slight  descent  brought  the  party  to  a  quarry  near 

St.   John's  Church.     At  this  point  attention  was  drawn  to  the 

fine  view  to  the  north  and  west,  bounded  by  the  long  line  of  hills 

forming  the  Lower  Greensand  escarpment.      The  wild  character 

of   the  scenery  in  the  direction   of  Ashdown  Forest  was   also 

pointed  out.     Mr.  Herries  then  made  some  general  remarks  on 

the  structure  of  the  country  and  on  the  elevation  and  denudation 

of  the  Weald,  on  the  roof  of  which,  so  to  speak,  the  party  was 

now  standing.     The  summit  of  Crowborough  Beacon,  just  above 

them,  was  803  ft.  above  the  sea,  the  highest  point  of  the  Wealden 

Beds,  and,  though  the  lowest  beds  of  the  district — namely,  the 

Purbeck  (Ashbumham)  Beds — were  not  here  exposed,  this  was 

in  reality  the  centre  of  the  great  Wealden  dome.     The  beds 

dipped  away  from  this  centre  in  all  directions,  forming  what  was 

known  as  a  quaquaversal  dip.    In  the  quarry  near  which  they  were 

standing  they  could  see  that  the  dip  was  to  the  north,  while  on 

the  other  side  of  the  Beacon,  in  a  quarry  that  would  be  visited 

later  on,  the  dip  was  in  a  southerly  direction. 

The  section  was  then  examined  and  the  dip  pointed  out. 
The  beds  consist  of  layers  of  white  sandstone,  with  rubbly  beds 
above  and  a  clayey  bed  at  the  base.  Stalk-like  impressions 
occur,  especially  in  the  last-named  bed. 

The  party  then  divided,  a  few  of  the  more  ardent  geologists 
following  Mr.  Herries  through  the  woods  about  a  mile  to  a 
quarry  on  the  south  side  of  the  hill  on  the  common  adjoin- 
ing the  golf  links.  Still  in  the  Ashdown  Sands  the  beds 
here  occur  in  courses  of  sandstone  with  flaggy  partings,  and 
are  worked  for  building  stone.  The  dip  is  a  little  to  the  east 
of  south,  that  is,  as  already  stated,  in  a  contrary  direction  to  the 
beds  near  St.  John's  Church.  No  fossils  were  seen  except  plant 
remains,  which  are  in  great  abundance  though  somewhat  obscure. 
There  is  a  fine  view  over  the  country  to  the  south  from  this  point. 
The  majority  of  the  members  went  straight  to  the  top  of  the  hill 
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to  Starfield,  the  residence  of  Dr.  Isaac  Roberts,  F.R.S.,  who 
had  kindly  invited  the  members  to  see  his  observatory  and 
astronomical  instruments.  This  was  very  much  appreciated,  and 
one  and  all  admired  the  perfection  of  the  various  instruments,  the 
elaborate  fittings,  and,  above  all,  the  beautiful  photographs  of 
nebulae  which  had  been  produced  in  this  observatory. 

After  inspecting  the  prettily-laid-out  grounds  and  admiring  the 
view,  the  united  party  met  at  the  Red  Cross  Hotel  at  Crow- 
borough  Cross,  where  Dr.  Roberts  entertained  them  to  an 
excellent  dinner,  at  the  conclusion  of  which  a  hearty  vote  of 
thanks  was  passed  for  all  his  kindness.  The  road  down  the 
hill  to  Crowborough  Station  was  then  taken,  and  a  visit  paid 
to  the  brickfield  of  the  Crowborough  Brick  and  Terra  Cotta 
Company.  This  was  still  in  the  Ashdown  series,  and  showed  a 
considerable  thickness  of  clay  overlain  by  sandy  beds.  In  the 
clay  there  is  much  lignitic  matter  and  some  nodules  of  Clay 
Ironstone  (Carbonate  of  Iron.)  The  station  was  then  reached 
in  time  for  the  8.21  train  for  London. 
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EXCURSION  TO  SUDBURY. 

Saturday,  June  25TH,  1898. 

Director;  J.  W.  Gregory,  D.Sc,  F.G.S.,  F.Z.S. 

Excursion  Secretary:  A.  C.  Young,  F.C.S. 

(^Rfport  by  THE  DIRECTOR.) 

The  country  around  Sudbury  is  an  undulating  plateau  through 
which  the  Stour  Valley  has  been  eroded  to  two  different  levels. 
The  river  now  flows  past  Sudbury  along  an  alluvial  belt,  80  feel 
above  sea-level.  Above  this  belt,  at  the  height  of  100  feet,  is  an 
old  gravel-capped  flood-plain,  on  one  of  the  broadest  fragments  of 
which  the  town  of  Sudbury  stands.  The  main  substratum  of  the 
district  is  Chalk,  covered  by  thin  sands  belonging  to  the  Lower 
London  Tertiaries  and  a  thicker  sheet  of  London  Clay.  A  few 
November,  1898.] 
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patches  of  Crag  rest  upon  the  Eocene  beds.  The  whole  series  is 
covered  with  a  mantle  of  drift,  the  examination  of  which  was  the 
main  object  of  the  excursion. 

The  members  arrived  at  Sudbury  at  noon,  and  first  went  to 
the  house  of  Dr.  J.  S.  Holden,  F.G.S.,  accepting  his  kind  invita- 
tion to  inspect  his  collection  of  local  fossils.  The  party  then 
crossed  the  Stour  to  the  Essex  side  of  the  river  and  walked  up  to 
the  sand-pit  on  Ballingdon  Hill.  The  section  showed  a  bed  of 
white  and  buff  sands  covered  by  a  seam  of  brown  Boulder  Clay. 
From  the  hill-side  a  good  view  can  be  obtained  of  the  adjacent 
country.  The  general  features  are  that  the  district  is  an  undulat- 
ing plateau  at  the  level  of  a  little  over  200  feet,  through  which  the 
Stour  Valley  has  been  excavated.  The  plateau  may  be  regarded 
as  a  peneplain,  and  it  is  capped  by  Boulder  Clay.  The  existing 
rivers  have  cut  through  the  Boulder  Clay  to  the  London  Clay,  so 
that  their  courses  are  marked  on  the  Survey  Map  by  lines  of 
brown,  breaking  across  the  broad  wash  of  blue  that  represents  the 
Boulder  Clay.  Inspection  of  the  map,  therefore,  sufficed  to 
convince  members  that  the  river  system  of  the  district  is  later 
than  the  age  of  the  Boulder  Clay.  Not  only  is  the  Boulder 
Clay — with  an  exception  to  be  noticed  immediately — absent  from 
the  river  valleys,  but  it  is  absent  also  from  the  higher  hills  in  this 
part  of  Essex.  The  Danbury  Hills,  for  example,  rise  like  an 
island  above  the  sheet  of  Boulder  Clay  which  lies  around 
their  feet. 

Whatever  the  agent  was  that  deposited   the  Boulder  Clay,  ii 
was  an  agent  with  a  great  horizontal  expansion,  but  whose  vertical 
range  of  action  was  very  limited.     The  Boulder  Clay  and  "  Glacia' 
Gravels"  of  Sudbury  show  none  of  the  characters  typical  of  th^^  .me 
action  of  land  ice,  and  the  Director  accordingly  remarked  tha  -^at 
both   the   distribution   and  characters   of    the  deposit   were   \im:  Jin 
harmony  with  the  late  Carvill  Lewis's  theory  of  its  deposition  i^:  -Min 
an  extra- glacial  lake.     There  is,  however,  one  difficulty  at  Su^z^"d- 
bury  in  this  explanation.     The  Boulder  Clay  sheet  of  the  platea  -^u 
is  at  the  level  of  about  200  feet,  and  is  truncated  along  the  hil^^  11- 
sides  by  the  river-valleys.     But  in  the  second  pit  visited,  that  ^=~-  af 
the  Grove,  there  is  a  deposit  of  Boulder  Clay  at  the  level  of  on        ly 
100  feet.     The  Director  regarded  this  valley  Boulder  Clay  as—    a 
different  deposit  from  that  of  the  plateau  ;  but  Rev.  E.  Hill,  wfcr-T3o 
was  with  the  party  at  the  Ballingdon  Pit,  and  who  knows  t*^e 
district  well,  regarded  the  two  Boulder  Clays  as  part  of  the  sar-r^e 
sheet.     Mr.  F.  W.  Harmer,  however,  agreed  with  the  Director 
that   the  valley  Boulder   Clay   was   different   from    the   plateau 
Boulder  Clay,  and  he  felt  disposed  to  correlate  the  former  wicA 
the  lower  Boulder  Clay  of  Norfolk.      Unfortunately  the  exact 
relation  of  the  two  Boulder  Clays  is  not  shown  in  the  field,  and 
lithological  correlations  are  dangerous. 

The  valley  Boulder  Clay  may  be  a  remnant  of  an  old  Boulder 


EXCURSION  TO  SUDBURY.  455 

Clay  which  filled  up  the  Stour  Valley  before  the  deposition  of 
the  plateau  Boulder  Clay ;  or  it  may  possibly  be  later  than  the 
plateau  Boulder  Clay  formed  during  the  erosion  of  the  present 
Stour  Valley,  and  from  materials  obtained  by  the  denudation  of 
the  plateau  Boulder  Clay. 

In  the  Grove  Pit  foreign  boulders,  scratched  blocks,  and 
Jurassic  fossils  are  not  uncommon.  Some  of  the  boulders  are  of 
considerable  size.  The  fossils  that  the  Director  had  collected 
in  the  pit  might  all  have  come  from  the  eastern  and  north-eastern 
counties.  Among  other  fossils  a  good  specimen  of  an  ammonite 
has  been  determined  by  Mr.  G.  C.  Crick  as  Reineckia  anceps 
(Rein.). 

From  the  Grove  the  party  returned  to  the  Suffolk  side,  and 
visited  the  group  of  pits  to  the  east  and  north-east  of  the  town. 
The  first  visited,  viz.,  Mr.  Green's  pit,  has  been  admirably 
described  by  Mr.  J.  E.  Marr,  whose  views  were  explained.  The 
contortions  in  the  drifts  were  recognisable,  though  the  section 
had  been  obscured  by  rain  wash  and  weeds  since  Easter  of  the 
present  year.  The  members  generally  agree  that  the  aspect  of 
the  contortions  suggested  subsidence,  and  not  lateral 
thrust. 

The  Alexandra  and  Victoria  pits,  which  had  been  described 
by  Mr.  Whitaker,  were  next  visited,  and  a  series  of  sharks*  teeth 
collected  from  the  Crag  pebble -beds.  At  Galley  Hill  the 
Boulder  Clay  was  seen  again,  filling  up  the  trough  of  a  synclinal 
in  the  laminated  brick-earths.  It  is  possible  that  this  Boulder 
Clay  is  not  in  situ^  but  is  re-deposited  Boulder  Clay,  for  it  con- 
tains seams  and  irregular  patches  of  sandy  loam.  In  the  great 
pit  at  Chilton  the  brick-earths  were  seen  again  as  a  regularly- 
bedded,  horizontal,  laminated  loam.  The  Director  regarded  this 
deposit  as  having  been  laid  down  in  the  quiet  waters  of  a  lake  or 
backwater.  In  striking  contrast  to  this  fine  sediment  are  the 
coarse,  irregularly-bedded,  torrential  river-gravels  of  a  pit  at  the 
western  end  of  the  Chilton  fields. 

After  tea  at  Sudbury,  a  few  remarks  were  made  summarising 
the  day's  observations,  referring  to  the  extreme  variability  of  the 
drift  series,  the  absence  of  any  trace  of  moraines  and  typical 
morainic  material,  and  the  difficulty  of  pointing  to  any  one  feature 
in  the  drifts  as  due  to  the  direct  action  of  local  glaciers. 

At  the  end  of  the  day  Mr.  Potter  proposed  a  vote  of  thanks 
to  Dr.  Gregory  for  the  trouble  he  had  taken  in  arranging  this 
very  interesting  excursion,  and  to  Mr.  A.  C.  Young  for  acting  as 
Excursion  Secretary  during  the  month  of  June.  Both  votes  were 
carried  by  acclamation,  and  the  party  broke  up  after  a  most 
successful  excursion — the  party  who  travelled  by  the  official  train 
having  been  joined  by  several  members  of  the  Association  at 
Mark's  Tey  or  at  Sudbury. 
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EXCURSION  TO   KINGSWOOD  AND  WALTON-ON- 
THE-HILL. 

Saturday,  July  2nd,  1898. 

Directors:    W.   Whitaker,   F.R.S.,   Pres.  G.S.,    and 

W.  P.  D.  Stebbing,  F.G.S. 

Excursion  Secretary :   Bedford  McNeill,  F.G.S. 

(^Report    hy    The    DIRECTORS.) 

This  excursion  was  arranged  to  give  members  an  opportunity  of 
seeing  some  sections  on  the  new  Chipstead  Valley  line  of  the 
South  Eastern  Railway,  which,  when  finished,  will  extend  from 
Purley  to  Tattenham  Corner  on  Epsom  Downs. 

The  party  assembled  at  Charing  Cross  Station,  and  travelled 
by  the  12.56  train  to  Kingswood,  up  to  which  point  the  new  line 
is  already  open  for  traffic.  Leaving  the  station,  the  Directors  led 
the  way  westward  along  the  top  of  the  cutting.  The  section 
showed  in  places  a  very  irregular  surface  of  Chalk  covered  by  a 
thin  bed  of  clay,  in  some  places  perfectly  black,  with  unwater- 
worn  flints.  Above  the  clay  there  was  a  loamy  and  sandy  bed 
with  masses  of  pebbly  gravel,  probably  a  reconstructed  wash  from 
Eocene  beds.  Near  the  entrance  to  the  tunnel  under  Walton 
Heath,  Mr.  Whitaker  pointed  out  a  mass  of  fine  white  quartz 
sand  from  the  Tertiary  beds,  left  like  a  great  saucer-shaped 
boulder  in  the  loamy  bed  ;  its  position,  he  explained,  was  due  to 
piping  in  the  underlying  Chalk.  No  Eocene  actually  in  place 
was  to  be  seen  at  the  eastern  end  of  the  tunnel. 

On  leaving  this  section,  the  party  walked  in  a  north-westerly 
direction  across  the  corner  of  the  Heath,  following  the  line  of  the 
tunnel  to  a  cutting  which  is  in  course  of  excavation.  The  follow- 
ing extremely  interesting  section  was  seen  : 

(i)  Bedded  sand  and  pebbles,  probably  Blackheath  Pebble 
Beds,  more  or  less  rearranged.  This  pebbly  bed  lies  with 
curved  stratification  on  the  underlying  beds,  but  the  cur- 
vature and  the  irregularities  noticed  are  not  wholly  due  to  original 
irregularity  of  deposition,  but  partly  to  the  subterranean  dis- 
solution of  the  Chalk  beneath. 

(2)  Under  the   pebbly   and   sandy   beds    a   little  pink   and 
greenish   clay  or  loam   from   the  base  of   the  Woolwich  and 
Reading  Beds  was  seen  ;  it  was  not  in  sitit^  but  had  been  slightly 
moved  owing  to  pipes  in  the  Chalk  below. 
November,  1898.] 
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Mr.  AVhitaker  expressed  the  opinion  that  the  Woolwich  and 
Reading  series  has  never  had  any  great  thickness  here,  although 
they  are  fairly  well  developed  just  to  the  west,  at  Headley,  but 
that  the  Bladcheath  Beds  had  originally  almost  rested  on  the 
Thanet  Sands,  and  he  remarked  that  on  the  next  Saturday  the 
members  would  have  an  opportunity  at  Worms  Heath  of  seeing 
the  Blackheath  Pebble  Beds  resting  directly  on  the  Chalk,  all 
intermediate  formations  (except,  perhaps,  a  trace  of  Thanet  Sand), 
being  there  absent  He  also  commented  on  the  extent  originally 
of  these  pebble-beds  southward  from  the  main  mass. 

(3)  Thanet  Sand. — Great  rounded  bosses  of  this  formation 
reached  in  places  almost  to  the  top  of  the  cutting,  the  curves  of 
the  hollows  between  them  being  followed  by  the  beds  above,  but 
the  sections  on  the  opposite  sides  of  the  cutting  were  very 
different.  Mr.  Whitaker  remarked  here  on  the  difficulties  of 
mapping  a  country  of  this  kind  and  the  uncertainty  as  to  where 
a  bed  may  begin  or  finish. 

(4)  At  one  place  there  was  a  small  pinnacle  of  Chalk  stick- 
ing up  into  the  Thanet  Sand,  without  the  intermediate  bed  of 
green-coated  flints ;  further  north  more  Chalk  was  seen  in  the 
cutting  showing  good  examples  of  pipes. 

leaving  the  railway  the  party  walked  across  Walton  Heath  to 
some  pits  in   sand  and  gravel.      Dr.  Hinde  being  called  upon, 
stated  that  the  members   stood  upon  a  plateau   between   the 
Hivers  Wandle  and  Mole ;  and  here,  on  the  watershed  of  the 
former,  they  found  a  sheet  of  gravel  at  a  level  of  500  to  600  ft. 
^bove  the  sea.     This  gravel  consists  mainly  of  more  or  less  rolled 
Hints  and  pebbles  from   the    Blackheath    Beds,    and    contains 
^een-coated  flints  from  the  base  of  the  Thanet  Beds,  and  a 
Tiumber  of  stones  of  irregular  shape  which  came  from  the  Lower 
Greensand  Chert  beds.      These  cherts  were  largely  formed  of 
sponge-spicules,  and  could  be  found  in  situ  some  two   miles  to 
the  south  of  the  gravel  but  separated  from  it  by  a  valley  400  ft. 
deep.     The  valley  could  not  have  existed  when  the  gravel  was 
<ieposited.      These  deposits  are  the  Southern  Drift  of  Prestwich. 
Mr.  Whitaker  asked  if  the  chert  might  not  come  from  the 
lower  and  the  ironstone  from  the  upper  beds  of  the  Lower  Green- 
sand.     He  said  it  was  interesting  to  note  that  here  we  have  chert, 
and  elsewhere,  in  gravel  of  this  age,  ironstone,  showing  that  one 
must  not  classify  gravels  solely  by  their  mineral  contents,  and  that 
two  gravels  may  be  of  the  same  age  and  origin,  though  of  different 
composition. 

Mr.  Stebbing  mentioned  that  he  had  not  found  any  ironstone 
here,  but  about  a  mile  and  a  half  to  the  south-west  there  was  plenty 
to  be  seen  on  some  ploughed  fields.  According  to  Mr.  Salter 
the  ironstone  increases  towards  the  river  Mole,  and  came  from 
Tertiary  beds. 

The   President  asked  whether  all  agreed   that  when   these 
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EXCURSION  TO   KINGSWOOD  AND  WALTON-ON- 
THE-HILL. 

Saturday,  July  2nd,  1898. 

Directors :    W.   Whitaker,    F.R.S.,    Pres.  G.S.,   and 

W.  P.  D.  Stebbing,  F.G.S. 
Excursion  Secretary :   Bedford  McNeill,  F.G.S. 

(^Report    by    THE    DIRECTORS.) 

This  excursion  was  arranged  to  give  members  an  opportunity  of 
seeing  some  sections  on  the  new  Chipstead  Valley  line  of  the 
South  Eastern  Railway,  which,  when  finished,  will  extend  from 
Purley  to  Tattenham  Corner  on  Epsom  Downs. 

The  party  assembled  at  Charing  Cross  Station,  and  travelled 
by  the  12.56  train  to  Kingswood,  up  to  which  point  the  new  line 
is  already  open  for  traffic.  Leaving  the  station,  the  Directors  led 
the  way  westward  along  the  top  of  the  cutting.  The  section 
showed  in  places  a  very  irregular  surface  of  Chalk  covered  by  a 
thin  bed  of  clay,  in  some  places  perfectly  black,  with  unwater- 
worn  flints.  Above  the  clay  there  was  a  loamy  and  sandy  bed 
with  masses  of  pebbly  gravel,  probably  a  reconstructed  wash  from 
Eocene  beds.  Near  the  entrance  to  the  tunnel  under  Walton 
Heath,  Mr.  Whitaker  pointed  out  a  mass  of  fine  white  quartz 
sand  from  the  Tertiary  beds,  left  like  a  great  saucer-shaped 
boulder  in  the  loamy  bed  ;  its  position,  he  explained,  was  due  to 
piping  in  the  underlying  Chalk.  No  Eocene  actually  in  place 
was  to  be  seen  at  the  eastern  end  of  the  tunnel. 

On  leaving  this  section,  the  party  walked  in  a  north-westerly 
direction  across  the  corner  of  the  Heath,  following  the  line  of  the 
tunnel  to  a  cutting  which  is  in  course  of  excavation.  The  follow- 
ing extremely  interesting  section  was  seen  : 

(i)  Bedded  sand  and  pebbles,  probably  Blackheath  Pebble- 
Beds,  more  or  less  rearranged.  This  pebbly  bed  lies  with 
curved  stratification  on  the  underlying  beds,  but  the  cur- 
vature and  the  irregularities  noticed  are  not  wholly  due  to  original 
irregularity  of  deposition,  but  partly  to  the  subterranean  dis- 
solution of  the  Chalk  beneath. 

(2)  Under  the   pebbly  and   sandy  beds   a  little  pink  and 
greenish   clay  or  loam   from   the  base  of   the  Woolwich  and 
Reading  Beds  was  seen  ;  it  was  not  in  sitii^  but  had  been  slightly 
moved  owing  to  pipes  in  the  Chalk  below. 
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Mr.  Whitaker  expressed  the  opinion  that  the  Woolwich  and 
Reading  series  has  never  had  any  great  thickness  here,  although 
they  are  fairly  well  developed  just  to  the  west,  at  Headley,  but 
that  the  Blackheath  Beds  had  originally  almost  rested  on  the 
Thanet  Sands,  and  he  remarked  that  on  the  next  Saturday  the 
members  would  have  an  opportunity  at  Worms  Heath  of  seeing 
the  Blackheath  Pebble  Beds  resting  directly  on  the  Chalk,  all 
intermediate  formations  (except,  perhaps,  a  trace  of  Thanet  Sand), 
being  there  absent.  He  also  commented  on  the  extent  originally 
of  these  pebble-beds  southward  from  the  main  mass. 

(3)  Thanet  Sand. — Great  rounded  bosses  of  this  format»on 
reached  in  places  almost  to  the  top  of  the  cutting,  the  curves  of 
the  hollows  between  them  being  followed  by  the  beds  above,  but 
the  sections  on  the  opposite  sides  of  the  cutting  were  very 
different.  Mr.  Whitaker  remarked  here  on  the  difficulties  of 
mapping  a  country  of  this  kind  and  the  uncertainty  as  to  where 
a  bed  may  begin  or  finish. 

(4)  At  one  place  there  was  a  small  pinnacle  of  Chalk  stick- 
ing up  into  the  Thanet  Sand,  without  the  intermediate  bed  of 
green-coated  flints;  further  north  more  Chalk  was  seen  in  the 
cutting  showing  good  examples  of  pipes. 

Leaving  the  railway  the  party  walked  across  Walton  Heath  to 
some  pits  in  sand  and  gravel.  Dr.  Hinde  being  called  upon, 
stated  that  the  members  stood  upon  a  plateau  between  the 
Rivers  Wandle  and  Mole;  and  here,  on  the  watershed  of  the 
former,  they  found  a  sheet  of  gravel  at  a  level  of  500  to  600  ft. 
above  the  sea.  This  gravel  consists  mainly  of  more  or  less  rolled 
flints  and  pebbles  from  the  Blackheath  Beds,  and  contains 
green-coated  flints  from  the  base  of  the  Thanet  Beds,  and  a 
number  of  stones  of  irregular  shape  which  came  from  the  Lower 
Greensand  Chert  beds.  These  cherts  were  largely  formed  of 
sponge-spicules,  and  could  be  found  in  situ  some  two  miles  to 
the  south  of  the  gravel  but  separated  from  it  by  a  valley  400  ft. 
deep.  The  valley  could  not  have  existed  when  the  gravel  was 
deposited.      These  deposits  are  the  Southern  Drift  of  Prestwich. 

Mr.  Whitaker  asked  if  the  chert  might  not  come  from  the 
lower  and  the  ironstone  from  the  upper  beds  of  the  Lower  Green- 
sand.  He  said  it  was  interesting  to  note  that  here  we  have  chert, 
and  elsewhere,  in  gravel  of  this  age,  ironstone,  showing  that  one 
must  not  classify  gravels  solely  by  their  mineral  contents,  and  that 
two  gravels  may  be  of  the  same  age  and  origin,  though  of  different 
composition. 

Mr.  Stebbing  mentioned  that  he  had  not  found  any  ironstone 
here,  but  about  a  mile  and  a  half  to  the  south-west  there  was  plenty 
to  be  seen  on  some  ploughed  fields.  According  to  Mr.  Salter 
the  ironstone  increases  towards  the  river  Mole,  and  came  from 
Tertiary  beds. 

The   President  asked  whether  all  agreed   that  when   these 
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gravels  were  laid  down,  the  valleys  around  did  not  exist,  and  also 
whether  there  was  any  general  agreement  as  to  the  origin  of  the 
gravel ;  to  which  Mr.  Whitaker  replied  that  he  thought  there  was 
a  considerable  difference  of  opinion  as  to  the  origin  of  the 
gravel 

On  leaving  this  section  the  party  walked  through  Walton 
village  to  the  church,  where  the  Norman  lead  font  was  inspected. 
Continuing  the  walk  across  the  fields  Frythe  Park  was  reached, 
where  Mr.  and  Mrs.  Stebbing  had  invited  the  party  to  tea. 
After  tea,  the  President  heartily  thanked  the  Directors  of  the 
excursion,  and  the  members  walked  across  Walton  Heath  to 
Kingswood  Station  in  time  for  the  7.30  train  to  London. 
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EXCURSION    TO    UPPER    WARLINGHAM    AND 

WORMS    HEATH. 

Saturday,  July  9TH,  1898. 

Director:  W.  Whitaker,  B.A.Lond.,  F.R.S.,  Pres.  G.S. 
Excursion  Secretary:  A.  E.  Salter,  B.Sc,  F.G.S. 

(^Report  by  Mr.  Saltek  and  Dk.  G.  J.  HiNDE,  E.R.S.) 

The  party  left  London  by  the  1.40  p.m.  train,  reaching  Upper 
Warlingham  Station  at  2.15.  Mr.  W^hitaker  led  the  way  to  the  pits 
at  Whiteleaf,  north  of  the  station,  where  about  1 5  feet  of  chalky 
valley-gravel  is  being  worked.  Remains  of  Rhinoceros  and 
Reindeer  occur  here,  and  a  portion  of  a  tooth  of  Ekphas  primi- 
geniuSy  was  found  by  Dr.  Johnston-Lavis  during  the  visit.  Dr. 
Hinde,  at  the  request  of  Mr.  Whitaker,  gave  an  account 
of  the  composition  of  the  gravel,  and  made  special  reference  to 
the  large  blocks  of  conglomerate  seen  in  the  pit.  Some  of  these 
blocks  could  be  shown  to  have  been  derived  from  Tertiary  beds 
higher  up  the  valley  but  others  of  a  more  sandy  nature  had  not 
been  detected  in  situ.  The  party  then  proceeded  to  Worms 
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Heath,  where  there  is  a  fine  section  in  an  outlier  of  Blackheath 
Beds.  Towards  the  base  the  pebbles  had  become  cemented  by 
iron  oxide  into  a  hard  conglomerate.  Sand  occurred  below  the 
pebble  beds,  and  between  the  two  was  a  thin  band  of  allophane ; 
numerous  specimens  of  this  mineral  were  obtained.  The  amount  of 
oxide  of  iron  present  gave  the  section  a  vivid  red  appearance. 
In  spite  of  a  long  search,  nothing  beyond  flint  pebbles  was  found 
although  on  previous  occasions  a  few  quartzite '  pebbles  of 
unknown  derivation  had  been  obtained  by  Dr.  Hinde.  Above 
the  Blackheath  Beds  was  to  be  seen  a  quantity  of  drift  material, 
derived  from  Blackheath  Beds  and  Thanet  Sand.  A  short 
walk  through  a  picturesque  plantation  brought  the  members 
to  the  edge  of  the  dry  Chalk  valley,  and  the  magnificent  view 
there  obtained  was  thoroughly  enjoyed  by  all.  A  steep  descent 
was  made  to  the  main  road,  and  Upper  Warlingham  was  again 
reached.  Here  the  members  enjoyed  the  hospitality  of  the 
Rev.  T.  T.  Griffith,  M.A.,  amidst  the  sylvan  beauties  which 
surround  his  home.  Hearty  votes  of  thanks  to  the  Director  and 
to  the  Rev.  Mr.  Griffith  concluded  an  instructive  excursion. 
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EXCURSION    TO    SHEPPEY. 

Saturday,  July  i6th,  1898. 

Directors:   W.  Whitaker,  F.R.S.,  Pres.  Geol.  See,  T.  V. 
Holmes,  F.G.S.,  and  W.  H.  Shrubsole,  F.G.S. 

Excursion  Secretary:  A.  E.  Salter,  B.Sc,  F.G.S. 

{Report  by  THE   DIRECTORS.) 

About  forty  members  left  London  by  the  9.56  a.m.  train,  arriv- 
ing at  Sheerness  at  noon,  and  drove  thence  to  East  End  Lane, 
where  the  vehicles  were  left  and  the  journey  continued  by  the 
cliff  path  on  foot.  Near  at  hand  was  the  only  remaining  Coast- 
guard Station  of  four  which  had  been  erected  ;  the  other  three 
have  been  entirely  swept  away  by  the  erosion  of  the  coast,  and 
their  sites  are  now  well  out  on  the  foreshore. 

In  the  cliff  section,  above  the  London  Clay,  the  Lower  Bag- 
shot  Beds  were  seen,  standing  almost  perpendicularly,  and  capped 
November,  1898.] 


460 


EXCURSION   TO  SHEPPEY. 


irregularly  by  false- bedded  sand  and  gravel.  Where  slips  had 
recently  occurred  the  line  of  junction  with  the  London  Clay  was 
very  clearly  defined.  Although  a  passage  bed  is  generally  seen 
in  sections  elsewhere,  a  sharp  line  of  demarcation  has  been 
observed  in  these  cliff  sections  for  many  years. 

At  a  spur-like  projection  of  the  cliff,  Mr.  Whitaker  took  the 
opportunity  of  drawing  attention  to  the  various  strata  to  be  seen 
in  the  cliffs. 

On  looking  over  the  fields  hereabout,  the  presence  of  gravel 
in  considerable  thickness  could  be  noted  by  the  stunted  and 
unhealthy  appearance  of  large  patches  of  the  growing  crops. 

At  Hensbrook  Gap  the  party  descended  to  the  beach.  At  the 
mouth  of  the  gap  a  large  heap  of  partially-decomposed  pyrites 
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was  seen.  Its  presence  in  that  position  showed  that  there  is  now 
no  demand  for  iron  pyrites  as  an  article  of  commerce.  It  was 
pointed  out  that  the  heap  probably  represented  many  months  of 
hard  toil  by  the  women  who  had  transported  the  heavy  material 
from  a  considerable  distance,  over  the  slippery  shingle,  in  bags 
carried  on  their  backs. 

Passing  eastward  along  the  beach,  a  diligent  search  was  made 
for  fossils ;  but  from  some  cause  not  easily  ascertainable,  the 
quantity  found  was  much  less  than  on  former  occasions.  There 
were  many  logs  of  fossil  wood  bored  by  Teredo^  and  several  of 
the  party  secured  specimens  of  Nipadites ;  these  are  always  in 
evidence,  even  when  no  other  fossils  are  to  be  found.  At 
Barrowsbrook  was  seen  a  small  natural  bridge  formed  by  fallen 
masses  of  clay,  beneath  which  the  brooklet  had  cut  its  way.  Just 
beyond  this,  and  extending  past  Warden  Point,  the  lower  part  of 
the  cliff  presented  a  precipitous  face  which  could  not  be  scaled, 
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SO  the  ascent  took  place  a  little  to  the  east  of  the  point  itself. 
When  the  old  road  was  reached,  the  part  of  the  churchyard 
which  still  remains  intact  was  seen  about  100  ft.  below  its  former 
level,  tilted  at  an  angle  of  about  40^.  The  site  of  the  church 
is  now  covered  by  the  beach.  The  only  vestige  of  the  church 
remaining  is  a  stone  bearing  an  inscription  in  a  cottage  garden 
near  by. 

The  vehicles  were  now  made  use  of  to  convey  the  party  to 
Minster,  where  a  hasty  survey  of  the  interior  of  the  Abbey  Church 
was  made.  Mr.  Parker  discoursed  on  the  local  ecclesiastical 
history,  to  the  general  gratification  of  the  members,  and  the  party 
returned  to  Sheerness.  A  substantial  meal  was  provided  at  the 
Royal  Hotel,  and  afterwards  the  President  moved  a  vote  of 
thanks  to  the  Directors  of  the  Excursion,  and  especially  men- 
tioned some  of  the  services  which  had  been  rendered  to  geological 
science  by  Mr.  Shrubsole.  The  vote  of  thanks  was  carried  by 
acclamation,  and  in  reply,  Mr.  Shrubsole  gave  further  informa- 
tion respecting  some  of  the  discoveries  which  had  been  alluded  to. 

The  remarkable  mineralised  Diatoms*  occurred  in  a  zone 
(having  a  considerable  range)  near  the  base  of  the  London  Clay, 
and  therefore  only  to  be  reached  in  Sheppey  by  deep  excavation. 
Radiolaria,t  in  a  pyritised  condition,  had  also  been  found  in 
clay  from  a  well  near  Queenboro*  Railway  Station.  The 
only  freshwater  shells,  Camptoceras  priscum^X  known  to  occur 
m  the  London  Clay  he  found  in  a  septarian  nodule.  The 
skull  and  other  portions  of  the  skeleton  of  the  toothed  bird, 
Argillortiis  longipennis%  were  found  at  different  times  among  the 
shingle  on  the  beach,  unobscured  either  by  limestone  or  pyrites. 
The  immense  skull  of  Chelonc  gigas^  (Eosphargis  gigas)  was 
enclosed  in  a  septarian  nodule,  the  outline  of  which  furnished  the 
only  clue  to  something  organic  within.  Interesting  reference  was 
made  to  its  skilful  exhumation  at  the  British  Museum,  and  the 
delight  of  Sir  Richard  Owen  at  finding  such  complete  evidence 
of  a  gigantic  Chelonian,  the  existence  of  which  was  foreshadowed 
forty  years  before  by  a  small  fragment  of  bone,  on  which  the 
name  had  been  bestowed. 

The  most  recent  discovery  was  the  skull  of  another  bird  in 
1 897.  Unlike  the  Argillornis^  it  was  enclosed  in  a  limestone  nodule 
of  oval  form,  at  one  end  of  which  the  base  of  the  cranium  was 
slightly  exposed.  The  expert  mason  of  the  British  Museum  soon 
revealed  what  appears  to  be  a  perfect  avian  skull.  A  description 
of  this  interesting  specimen  is  in  course  of  preparation.  As  usual 
Mr.  Shrubsole  has  added  this  skull  to  the  National  Collection  at 
South  Kensington.     The  Director  concluded  his  remarks  by  the 

•  Scc/<7«r«.  Royal  Microscopical  ^oc.^  1881. 
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Statement  that  the  first  visit  of  the  Geologists'  Association  to 
Sheppey  in  187 1,  was  made  at  his  suggestion,  and  led  him  to 
become  a  student  of  geology. 

Mr.  T.  V.  Holmes  called  attention  to  some  matters  of  interest 
in  connection  with  the  ancient  physical  geography  of  the  district. 
Looking  at  the  action  of  the  sea,  it  became  evident  that  the  North 
Foreland  stood  out  because  of  the  superior  hardness  of  the  Chalk, 
while  the  softer  Tertiary  and  later  beds  of  Essex  had  been  eaten 
away  much  more  rapidly.  Some  years  ago  he  discovered  in  a 
railway  cutting  close  to  Romford,  the  remains  of  an  old  silted-up 
stream-course,  covered  by  Thames  Valley  Gravel.  This  stream, 
before  the  intrusion  of  the  ancient  Thames,  had  apparently 
flowed  to  the  north-east  and  joined  the  Blackwater  below 
Maldon,  the  valleys  of  the  Mardyke  and  the  Crouch 
having  evidently  come  into  existence  at  a  much  later  date.* 
As  regards  the  old  deposits  of  the  lower  Thames,  gravel 
and  loam  were  shown  on  the  Geological  Survey  Map  extending 
from  Southend  to  Burnham-on-Crouch,  and  thence  to  the  mouth 
of  the  Blackwater  at  Bradwell.  These  beds  were  considered  by 
Mr.  Whitaker  to  be  old  Thames  Valley  beds,  deposited  when 
there  was  a  considerable  breadth  of  land  east  of  them,  where 
there  is  now  sea.  A  chart  of  the  Thames  Estuary  illustrated  very 
strikingly  a  former  state  of  things.  In  it  could  be  seen  a  series 
of  channels,  separated  by  shoals  and  sandbanks,  ranging  from  the 
Nore  in  a  north-easterly  direction,  and  evidently  marking  the 
positions  of  the  Thames  and  Medway  at  former  periods  when  the 
two  rivers  occupied  independent  valleys,  east  of  what  is  now  the 
coast  of  Essex,  and  entered  the  sea  somewhere  off  Harwich. 
The  shoals  and  sandbanks  now  separating  the  channels  east  of 
Essex,  marked  the  planing  down  action  of  the  sea  on  the  higher 
ground  once  separating  them,  as  the  broad  shoals  north  of  Sheppey 
and  Heme  Bay  indicated  similar  action  on  the  soft  strata  of 
northern  Kent. 
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EXCURSION    TO    GRAVESEND. 
Saturday,  September  ioth,  1898. 

Director:  G.  E.  Dibley,  F.G.S. 
Excursion  Secretary:  A.  E.  Salter,  B.Sc,  F.G.S. 

{Report  bv  THE  DIRECTOR.) 

The  party  arrived  at  Gravesend  (S.E.R.)  about  3.30  p.m.,  and 
were  met  by  the  Director  and  a  few  other  Members  of  the 
Association. 

Messrs.  Fletcher  and  Co.'s  chalk-pit  was  first  visited,  and  a 
halt  made  near  the  whitening  works;  attention  was  drawn 
to  a  large  heap  of  rounded  black  flints,  which  might  easily  have 
been  mistaken  for  shingle.  These  flints  had  been  taken  from  the 
washing  troughs  in  which  the  chalk  is  ground. 

The  Director  remarked  that  fossils  are  very  abundant  in  this 
district,  and  among  the  more  important  are  those  contained  in 
the  list  of  foraminifera  and  ostracoda  published  by  Mr.  F.  R. 
Chapman,  A.L.S.,  F.R.M.S  ,  in  the  Proceedings,  vol.  xiii,  p.  369 
1894,  from  the  same  horizon  in  the  Chalk  at  Swanscombe,  i^  miles 
to  the  west,  and  the  following :  Siphonia,  Ventriculites  radiatus^ 
Pharetrospongia,  Parasmilia  centralis^  Goniasier  is  abundant 
(usually  very  fragmentary),  Ophiura  ?  (obtained  by  the 
Director),  Echinocorys  vulgaris^  Echinoconus  conicus^  and  a 
small  rounded  variety;  the  high-crested  form  of  Micraster 
coranguinum  (which  is  exceedingly  abundant)  is  typical  of  this 
horizon  of  the  Upper  Chalk,  Cyphosoma  koenigiy  Cidaris 
perornata^  C,  sceptrifera,  and  Bourgueticrinus  ellipticus.  No 
Marsiipites  had  been  met  with  in  this  locality,  though  the  quarry- 
men  were  supplied  with  plates  of  specimens  to  assist  their  search. 
Serpula  plexus  is  often  found  in  masses.  The  polyzoa  of  the 
district  are  being  worked  out  by  Dr.  Arthur  Rowe,  F.G.S.  Among 
other  forms  Crania,  Terebratula  semiglobosa^  Rhynchonella plicatilis^ 
Ostrea,  Pccteti  nitidus,  Plica  tula,  Spondylus  {Diatuhora)  latus,  S. 
spinosus,  Lima  hoperi,  Inoceramus,  and  Pleurotomaria  perspectiva 
may  be  mentioned.  Belcmnitella  quadrata  occurs  near  the  base 
of  the  pits,  and  B.  vera  nearer  the  top.  From  the  London 
Portland  Co.'s  pit  the  Director  had  obtained  an  Ostrca  bearing 
the  markings  of  the  sutures  of  an  Ammonite,  also  an  Aptychus, 
The  vertebrata  are  not  well  represented.  Teeth  of  Oxyrhina, 
Lamna,  and  Corax  occur,  but  Ptychodus  is  rare;  vertebrae  of  sharks 
are  occasionally  met  with.  Many  of  the  above-mentioned  fossils 
were  obtained  by  the  Members  at  this  and  other  pits  during  the 
excursion. 

After  about  five  minutes'  walk  the  next  pit  was  reached,  and 
the  party  were  kindly  met  by  the  proprietor,  Mr.  Wilfrid 
Tolhurst,  who  conducted  the  Members  to  the  extensive  pits 
west  of  the  main  road,  abutting  on  the  old  Dover  Road.  Here 
the  method  of  working  the   chalk   in   this  neighbourhood  and 
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Other  features  of  interest  were  pointed  out.  A  vote  of  thanks  to 
the  proprietors  of  the  various  pits  was  accorded,  to  which  Mr.  W. 
Tolhurst  responded.  The  large  pits  at  the  south  side  of 
NorthfJeet  Church,  known  locally  as  the  "London  Portland" 
were  next  visited.  Here  the  tabular  layer  of  flints, 
which  extends  over  a  considerable  area,  was  well  seen.  The 
water  level  in  this  pit  after  the  excessive  drought  was  only  about 
six  inches  below  the  surface.  A  large  number  of  pebbles  have 
been  obtained  from  this  pit,  and  at  about  forty  feet  from  the 
ground,  nearly  half  a  bushel  were  found  some  few  years  ago  ;  un- 
fortunately, none  were  preserved. 

Time  did  not  permit  of  a  visit  to  Messrs.  Bevan  and  Co.'s 
pit,  but  the  party  walked  to  a  spot  where  a  good  view  of  the  pit 
could  be  obtained.  Immediately  in  front  flowed  the  Fleet, 
through  a  bed  of  Alluvium,  while  to  the  south-west,  just  before 
entering  the  pit,  the  tramway  is  made  through  a  very  interesting 
section  of  brick-earth,  from  which  Mr.  F.  Spurrell  and  others 
have  obtained  large  quantities  of  mammalian  remains.  The  pits 
lie  to  the  west  of  this  cutting  and  are  capped  in  one  place  by  a 
thin  layer  of  Tertiary  beds,  and  in  another  by  the  Swanscombe 
gravels.  A  large  number  of  very  fine  palaeolithic  implements 
have  been  obtained  from  the  gravels  capping  the  chalk,  and  from 
the  "  pipes  "  in  this  pit. 

After  tea,  a  vote  of  thanks  to  the  Director  and  Mr. 
A.  E.  Salter  was  proposed  by  Mr.  Potter  and  carried  unanimously. 
The  return  journey  was  made  from  Northfieet  at  7.30  p.m. 
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ORDINARY  MEETING. 
Friday,  July  ist,  1898. 
J.  J.  H.  Teall,  M.A.,  F.R.S.,  President,  in  the  Chair. 
The  following  were  elected  members  of  the  Association  :— 
David  L.  Luck  and  Alfred  William  Oke,  B.A.,  LL.M. 

A  paper  entitled,  "A  Sketch  of  the  Geology  of  the  Birming- 
ham District,  with  Special  Reference  to  the  Long  Excursion  of 
1898,"  by  Professor  C.  Lapworth,  LL.D.,  F.R.S.,  F.G.S.,  with 
contributions  by  Professor  W.  \V.  Watts,  M.A.,  Sec.  G.S.,  and 
W.  J.  Harrison,  F.G.S.,  was  then  read  by  Professor  Lapworth, 
after  which  Professor  Watts  exhibited  and  explained  a  series  ot 
lantern  slides  illustrative  of  the  district. 

Mr.  W.  F.  Gwinnell,  F.G.S.,  exhibited  a  collection  of  fossils 
from  the  Wenlock  Limestone  of  Dudley. 
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